“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1986-06 


Implementation of Graphical Language for 
Accessing Database 


Horasan, Alparslan 


http://ndl.handle.net/10945/21912 
Copyright is reserved by the copyright owner 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
D U DLEY research materials and institutional publications created by the NPS community. 
get Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS'‘s first 
KNOX appointed — and published — scholarly author. 


LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 
























































































































































































































































Fee Se 
~~ aS 
dra fale Shales 5) ni 
mene i hens tae 9 forbs 
ws 1 hte war ta 
an Vhs SA ry oe brine 
se ih. oo Sy ry ‘ 
AT tT ca iahgides un a 
yriewaeh: a vi meu Aeuyan 
th We 6 RON a HAR nah sh ae We rg arnas eer’ 
Lit oui + Jeky Ye Ly} "ete fil wet wnthaiy ai nate Sate Meloy as . nl 
4 i% Be Paty 
ah) ay pS ieee wn, iN be etasth Ma Sarit 
POL TS a: SARS Ns een eunuch bareeets 
av - 
Ate Ue | ae vom Mo's eons a A yaar l iat Ra h aie ewe a ein mee oa S “i musta yar te 
Pa el hic oh a Nba masa Suan sh e a8 “hy Sak oo Fheheng 
TH ‘ re ah Ned sn \ ” AY ifs a wie * Pas a ae wh RG wie Sane tase eh — ra meen? fy ees be vie malik Ke aa 
we aly sthty OE tals: De Eb ERGs Ny 0 muh pia wri. Ve Y toe Aeln hi J a otk, My ast ve 
fy Rage RF HUY ei a ‘i Ws VA ay ty Md ioctent: tayiattat yy Bre: rhe ‘ itm ee nei Paha weak 8 mek A Eo ta 
ae ‘he Yo! +e Bu. ty yous > 14) 0g SR Sate peut Dio f I ’ Mc TN RN beth ey Sark vase Hades “rhe to 
Yast ts ey as ay the pais nd aa ath ne 3 tata Ahora Rete van Pig uiernor Bonn aoe a viar esha ra WG Ati Rov semen d: tN marks 
Ki aces hi, aN a! ‘° ? ‘ rh ete seals AN Hd Nisan Fingal ra 9 id ae eens nae fn Nast ne het as & thts aie 
s va 1 A % } tly any sie fy aa.) 1% 44q 40 t Me) * Ae 0 eee at nas: PAT cy et 1% 5 OE er Van ata A ae ve hy Cian ar share EEN wee As ear belek a 
pm) hh be 3 i} she ‘y, AL n't wa Ny 1k ty, “iy ks a hwask ah AD Ws writ ia BAN, move Arca as Ce inch A yCunina ren a “My ye Be art hie v newee oe 4 
licnte & a “os SL pea 444 ny wa +n Mh a vista a PAK TR ito. fy ma AO 9." okee te iad Bel te re i ane te 47 
. in: oe | cones h aecawe 5 ‘ ea viet LA Ly om ‘AD a ve «i ts ey ut ek yak bh tain Pach doe Aryiq m pia ‘ : Bi ih way 7. 
tas es yw LA . 7 ae it’s wk Oy hai syrah As hracats. Nes yey wun Aura see Ny vy Mer Ne aed" M * tn ben ant stir ~ ra ‘eis. sige wie 
Pos oat. ett) Won ), ana a % av OY Wirtr' vita aa x ARMS ah iain rie aay xt ns ie Se ae an ye iat, 
ry ee ite re an 2h . {fp doy), Vu ry Oe) oe + gf GER rye) cies SAN RAL hl «ay i eet ay wan) a rea che mb: ip Ne fies mene wa Reh mae 
‘ : ‘ ] rs sat v4n°, 4 § 214g +3 Ws at ft Mary “ah? L's at kes A a a aft “atl ofa, “sal wie ¢ ae or face ang j Meaty br Ean ‘ ia a & 4 ng vis oie oH Me od aks Neat i 
E ; AP ‘ ret ax aU ee 44,8 4, $y At Pa Hien 48 A ie a a ny pik ent oy de apn’ ‘ ma. ye" aa ethane i ray arte ie, a) ale stan USS ek Xe nt ; ee ming SSSR % bh Seman 
, SRR ran Ny ne Sean Sean — ne 
i ‘ P ae 4 A‘ C rebel Eee Via a - my Nera N ihe PRY o i ns er rian * sieht aa aN mat ita wa sate an nat os cia ae ek ee SS 
‘oe : i oS +l 1 Fah A ena hice ar nla | aes Ty ele S| AN os gee 4 ay phy) LD re ais b aeureiatnt eh 
a) ’ us Pes pete “A pon “ Sea eet (aa ede ‘hit. ye Wo 5 vt pA ba A Are ake wi au) wi baat ata ae Sen 
' a Ce Pe wink 4 sg 4 } i 5 , Sei " o3iaes PRO PY a4 h 4? th 4 And, A "4 anes Qe D3 gy aed a *.’ Jar Hein a : 4 tic Pe ks tha Fey Petey} ah ne Py iat ~ 
' ‘ - 4 aa “a “ an 4 ' 1,' 4 . 1A ate a Vaigee e * , oe mareg. fener’ qn, ie ‘4 i mA Bs yr ii ok pris mat tus “i son Rit ahs eit he Reais enh Hi an ct f aS ns aN eh. 
Aan ote et Aree pli Va aey Oe asa afytd } 1s aw pee a ies we) hay +n, wea wnat facies ake os ya Y anh me on rset te 
' oa elias ee I fui ataty! ‘oe ai 4 uf moras t y 9.94. Ny at ea ‘ Fh I Bastin t a yi Ae ag Rae ate ean Eee a hal Hie So ee wy ge a ee Pitre} 
1 4° 5 ta aq 1 4 oe Pas ‘ 1 4 yi, >' *} & ten te Pia’ ay & Ore we , tania yta'A At aM a) tl ‘ tye yee ath , \. het re skp 
See oun a4 t As 4 AL a trata Ge pied Wen ‘, na: ah) “4 at ) PARE or re Nae fen 4 Paste nc ‘as on Seek hes se 
‘ alate Mite Tmt} bah ae He | Vay fat tr Sa Sit9 vaihts oA De 5 O%'9 bye 2 4/4 seas lpr y eae tae ret oa er ae Pos sibbesaceans 
i ‘ Se ea x ; are 1 \ art a a whee) J Vyasa’ : aa aa Ary. 2 * 1 es ee ai ra $74 pate 7 *; St Y Py) i une a y olich Perea ite Als ws wes 4 
‘ae nue ‘Voene ‘\ i ’ ae are Si wees yy Kray ae vam veh We oH mony tg nears yet SNA, sae ea wil Nah sn oh iy si mia we on Me Nae oN ty 
BE ua PO ah Le he - 4 4 Ph ara +44 inte * he 4 ARR ht te Ayin’y Laon } W Anges De a Sah hed ts i ‘ dp ay ye oh 9 1a deat rive chee aa dnhhes whieh be, 
ie , 5 4 sre Data's j A ; 4) 5 sgh y Cw a Vexay * xy | ’ GD r ® iy mid iQ Ahn “a! mbes ye on hi gate aia A cet a8 Jigen 9 bile, An ng he ete igang 
i ' , a) : 1) uli oS >, Aaah ai BN . AA “hie +) ei asl m, rf 4 Ms xi sh UE pet rie) ake any kth 1a ie a 
' Rach ia ® 9 s 1 4h : P te "sa ha Ie 4 af waaay hy nied © J, Marte’ x pat ay 4 we aah rains Tae eee H ate Ths Atte Ceas : A ¢ 4 pi A ayn * Saal a ov, ms Pg See 7 
‘ous so F red a AY tut SV thay ¥ ai i fy ¥3, 4 wanes alte “Gi ‘ 4 1s "any 18: » pS ry Wis nt a iin AS sn magi) rae Hay orl rh hr tora 4c 
ee a en On Shh Mahe let MRRP yaad oy tint tiga St NaS Tahaan he ee datas ianh ay iat RC ie 
tt Oi Ta Wy 4 wee iy Le) aig mph gn 6 a cA bd ol ache ha, ! ya “ow he ates e Aan ay ve i: ni ts 2 ity A aly ha ve a ti] at paca) ih it aoa neat Nee ar eter ‘ine er sis sine Re ake nie bee vine 
‘ i oe A ay ee Nao YF " Ue vu ae ey yy se Ped Pay» "4 a br eng § as) yen ' sn sity 4a sneyh) mat ih Bi yh, Nau fn wie, ANA AM, nh ii on neces 6 ey Bea B Ba ee 
i J at edeoe : 8 ss a oS Gyan T¢ pk diy ' 4 Kor et a oi yk ee ve te Sib mate ai vy aw," Nige a un * tyr, Lt ahs Kons 
Be ces er ee ae at at eon Cesta 2) Raye y: yan ie yeas ia ‘DPN vt : en ‘ft st Sanne! mats Ens as iris Bee spn ‘ ‘ie ie A ASS * ct. : sine 
nN ' ae 7 m3 snes $5 evs ys AN Pete, Hh Dy ee ty an ai ’ ain nets ean 4 rhi [i jew 1 vanes él Mh fehl) aL tte ri evened aracin wage So Fa seine: So Ph Birches A us 
ue s 4 Te i ak, ? "y LU aa hey Le ») V4. a \.@ 4 5 at te? vinta! ee Vey ra e fas! vin uv 7 SS of 4 ir < ig i te Pn any mes ined mets inet z 
road et ee » 4 | \} i wit wh ase yee ‘Wind wy " f wa 3% ae aaa / tin! ar Ue 4 a5) ee od yo, ence Ah Ve sii Aas MA pias! Sfrsdewy ae holy aie a Vv mee fein, Nee atts yay De >" ee als 
am ol. BRS i ae Fn Oy aN ae dee AR AD Ma oe hate “Gy kw ta rah iar eo OF We Tif Rute are Seas eas oe ee = tems Sie wh 
ae UY bs a WAVES a yy palys GEA ine OL A ae chy Vina tae vay ty im was HY ies Pea mh Msy way ne ae aa maa ath Recta sng’ 
Gus ; "sy yeas Ayan AC AL aati te hay yt she it ah yt ut ae wy oy 5 f “Yet ian, ca) : a Mies gealiar hy gah AER Sh 9 Ap Goh) ONS Vibe tis: * wt is eo hs nears 
t'e : «S ie z. ar in AY ! Lab th woh A 4 minty oe hi Mie ae Ord Wt ait | A ) nea yt ea a SO Patrs ei Seer sng ye * eae ah Soe ae *, pie Seen ca} un te = 
’ ' 5 Moapert aa ah ty he beh Pe gia aye ve etn ts “a CMM ae td: i fyi hss PERE he on a sh nt cay 
2h as Ai yay 4 0K en, od ec ; i Aen “4 an yh 1h 4 31 we as ns ; j Cet dn J : a ah abt ma ae Gt tats pt De iat . 
tal hen ee eset he ae Lea vinta SOR eT “Hes ; A Py Pets hae ot Ae gay stent atk AS 8 Nahas at x oe penis as 
: ' 4 1 hee les TO | es oe rn Hing yy mien ea a tg) POOLS Mis A 4! Pen! + CART Me eA, esa Afqy: eth i ie .’ 
: ae A I Te Cin at y $y ary ht Mirae ath Ma 4 Bein th as a, yeh rfid we em tee Bi Maes reg ide i th oa mals 
' ben 4. Bis Ven on, vob yy van se rl ght hats, hoe. vain e's ted ne A. LA tret Fs Sa ne in eee ae er ra ae ay tah o 8 ‘ f 
P ey sea a su yay ty AE yy aang ait ty pon aly a's . als via ary Aid, eS. ttre 14) wes sg ee 8 k re at Uitte pei Mi ee ak ek 
a Tats ‘ q ! "s Shy, A A Ans = a wi ah * GN te OO a LAY rer » lyigtick ea mS tS aS ra te She ene 4 £4 vats A sete 4 oe . Sat nine sa oe rarmes iy aah ea “ a 
\ my Ds ee eesti atptat “h5 A ga “4 iain, Mt! yas’ ei eas seni et x sea witealstl Sten y se Ne ata Ae fait iy Renita yas Pate Wad nale es aS ions at BNNs Gn ie sure Bie: iy to 
U ' 1 ats ‘ ob eF oe 4 att 1 fs >, ary “ 9, nas & 4 wv Me vin eres wii 47 A wh ae eine or tye i Waray Wy "pie! ati u tee ea ah 
an) «4 yy aie 4 ony vy re te be > tra Vi tet Pine igh f ay Bs Pints “4 on, yy 10% hese » an ‘, us We wa ? Retr) % c# Meat ‘ he ioe ’ 
et a ‘3 Cy Aru ere atlat a rye, Ry Hhe arn!» La Dea vi UN Se ih nae neh tat no ah i " San ion bals on ahh #0 A Mi i AN: Pash . Seas Ty Taman eS S — Ye va age 
’ ig LP eee ron “qr Hy eee RON tae ary, ,oF) KRY f tet fea 4 ase he ur ies cag ote? 1M os fo Py As uf ee dee a ba fuf ey aah aime pave vf 
vax ‘ ie eee ws ine te . tte ed aah ys e's) aly Pe \ y a's lay’ is iy ok iv tee ee ware ” ive 1 a iy f Sine , 2) 
‘ ? reg - { Sh te te gu th ap ti ue au py a ft ' LMA i . ure viet ey, vy Ay Ti Ane ey tiamthg a, rf: i ae we ares We, hare .0,%, ; wid? te alae ® tig 
’ , ata rdagy gr v.49 ‘. ert | Heb oft @ bee apy, oe i aac) Pa, as yatta at j a tp ks Seale he din fang § ad yea 2g Y he ® ba wi. . . 
iF ie re ALIA a "\ KS he a ne ”, "Dats a OY ’ ak ‘ neh, '! wat ws! , Va nye ae Wy ie a) rk “ Ca 34 ." is, prac) wie faa ML ek ua 4 : hs ae Siemens wh eh oa a 2 " 
» i! 1 } i 4 » vey nite A , Lan a WD ! ; re . 0.¥" 6 oS, rare gual a a % ba: a aS Ry a vy tay ie , ne nats agi n ae ay a ue f v, bis’ ; a sae) ich aaa uy 6 a aay = f AL Seas 
, er ee tn "yt yt as oe e's tbseadad Sart gy v wae gi Ne tat roid ee 4? AA oN “fit i So es aye era . ; ty arate Wares 
* | WARE ! a ak Matias ry s,s one 43s Pa 4 u's LAY Neat 9 at m a4 . tak Py \asats ATA 6 50) i Sune MS: tn dhe Blog basis 
’ el) 2 ( w* ‘ Aas ae io vyinty, maf wy ‘s s a Ae ant ried fy SN A a als A060 wl GNK ys Rae pene Uk elu ath Lae oy bie en 
’ Lee yey APA PS HER MD yt Sihaty! fae fad i? ae at Suk er earth We ney ago oh ese Aah pin, ah mi Piya ee ane as ve ate opis Hee eh Ee 
’ y , ee Th yews): Paria tT Ty) ‘eh 0 Tic eee irs AN ny a We Ma: av yy As vay. aig at & a NRA m ‘ is oe te i us econ 
r . 6 ve LUA as “yb ‘ ne lie? a A Va we : rial 4 RAR! KS ate as Y ‘ah {ede dy ae’ eel ' URE th My Wi ie Ni oN aes oe pie <3 i 
ue vy * 2 Aa Late oats ay? hanes Nara yy mary ee ehh ental thy dati at Me, 43,9 of! yh sea vali s i: oh wn 
ag my ar ng y (4 PS eh fe raves! rent tine Mb es stl SEN ra neat, oh Nieanenat ith ah rah eae 5 na 
>) i) i pt oY at, htt 1 ‘\ : wa be® veh ye te" Rah dis the wich tit) syns aged tae Med, ithe ‘ss q Fy “4 i Brae ee nae ae hebtagss in t: awe RAK AS Nae a 
“Sa Wey 5 Aura open Le Ye of Lae 4 ‘ss i yh oo Bes $ Xo High tht Aa a Vara iy: oH ae une ee ah Bonet: Peo) sasha vonage : ayn: 7 aX iS a as LY bors rt Mis ue , 
ae vets RYU » as n ig : fi sy at Ate mre gs A 14 RA aS ath b ah fies i or 43 Ads igh yet sf “i! a thayln! ae NG Are eee) Meats , ke da, wt ae a ‘i Sys. “al Pye P ut 
1 ae x bs ery | te 4 cas VNU TY 5 4 g 8 o y; ¢' ach } iy ey “, :" aap ere Bl asasy ey i" pathes ats i syn afe ny one sess +; ’ en ones es ek ney Rett ay ¢ 
ws : ’ acter’ § tyes vee i. a Ad ¥ Veg Hes A ns a i » Ale rh mi Lead AM} ahh By Ata ata, As cig wy a » q * shat Pee My! yi Bh ay aie Pret 2 yy thons % 
3) ib ’ os Un a nary aaa Se oye") nea ha ae, oh) ¥ 8 ih % seat ian ea < Ja Sapir athe dah “is slr 2 wend AZ) or ae ‘ sins bh 4 nabs te 
, Reo. ‘eam, ous =. ttt Py gy: es Re sok re i | if nd! 4 ails’ Darn 3? a hit. 3, vy: ne Ha ‘ Ut va Vm ya 45° oye 2 J Toye, @ Kt pty nade * iy Reay este © ine us Ngee MAN 
rv MF Ry: Sais 27 nanan Sia Ges ES EO 2a ae Ba TRON eta Deg rae ee SORIA a3 aes an SOO ee 
+) 8 ; ; a ale 4 ye if SAY th ¢ > 4, x yl ny a ae Seay } me ay iia. ay Mit 3 \ : *s ap oy Ste | na sav y Ne aa Fad * aie set NA Wit s J he 
= ny 4° bAY ee: ae a & Fs ag 53 $ y 4 r*: VP $ yt yy iy Pf ay xv mM. tie (ae hy Hi? ne! a none ¥ ah be att Paws s ee ty a ara Sad Coe ‘ 
. ' ‘ 4 he . 3,3 5 = Ash, fa: wry bd % oy X 4 FF wit? i . 
ay" Tay Seales Bde : es tone ‘Th Tria Nee yrs ane a ae ‘ ae One te Oe cS Cee ee at rye oe ees 
a a 7 anne aren " oy ye ip Ma) ky te Dah es oH evs war Fa Rasa ia i) ah a ‘e Wigs ig bh ay ie + i ie an SS 
p by ‘han Nai os ay! uh ‘giahy Li a, pies id 4 %, 2 htm | ¥ 
’ 1s nr y 2 a ware nae A fy “4 ash’ "Stahl + 5a! fn rE RO UtcE +S ee : hiv wae yyy any BNR 
‘ 5 i i Nee “tes Ls: i yy) Silay LF Be +p, 18 hag Woe raz ae aN t n th My y ee (yew i 
oe ee et * Oe Pati hss yt *ybiy tines et tal ecg. Wee Heda FP e hh etetaabatn Pee LAO Re DERE Anas, 2 beats ote ri 
‘ i i ee "4 eee ae Pu ‘AN yee ae MY, ahr + ene SNH A a, TW. 4 Be ed FyRe . te Pt le eins UA? eds, ; arat vers Ns 
ooh yet ; de at | s! |} Til ie ¥ 7% "re ay dun “ vay! gy bot, -% Wy 22) ay Se SNE va 5 + nin th! my aad mi 
4 : veks ay seit ys yn? et ‘ Ly 1 1 wy: yey 1A sf AM yi 3 rn Hat iey: La ’ eS Rai 51 AR | #8 
ee pee phys SP aa Shafi hye athe HS iano 2's" oh BN falda woe ae i 
‘ Ps 9 } pm ! Las aa v Epis | PER SD Seay D ” ite me a Tha iayaet FA oe hye 
% Poy Y } eae at x Citak ‘y a : at? ! Sucart Pen yy ed t a AS sis! ity Re vis , La Gy haat am} ‘ayo , Sat ae nh 
‘ f eo = oh Ly ‘ } : - : M : 14 eA Y ba te ' aAtyate ‘ 4 ‘ : of : 
Et, be Mt ¥ } a ith nis sh! rhe yyy Ray hah, teeny My " Saget esas ne fy { oe nna aya: WN Ap ; 
vat Mt 2 , AS ite i py data tay be IK. hry xe pry yng Aa hy : 
' i ' gf } ¥ +, ". ! od J , 3 4 ws Teed dy Wy High, beh} 
ce ; a) a sy tsp 1 ie, tank’ AR Me } 3h; Aray eet hea ve ay 
- 5 ’ i Fs ites rar, PUY, sty . ; vy U 0° 
F : er a Hy i yi } %, tee! Ee y's See re i 3/3 4p. Fa, Re ine i ty ah ss 
, Ly i 7 *s by 3-9 pry iealy ayy ata i: a 
. - , ats - 3 Dy phn +i Near ¥ We pas ‘fe eae i 
‘ Tone Sn ae ey nN why 235 
‘ os : 5 ; Pal)? aly rr all pies} iP yy) is Je vehi ies ha ; i rants: Na; 
ios \ P y TA \ 4 me) feck $e #3372, Petites wu Yay eo!) Ap ERs . 
Sak ’ a": . 3 uv a uh. yi Ae Ler 
oe... “am tie ek aie , feitt fat iid eich REEF Rata SE 
5 , : ie Hr, Pes, } se a cat, “yy i aril et Ndyt.. ne mite i at) ¢\ We THR ieee 5V ass 
i or ', punaie st woes An } Hah arden arly AD ey * iy ; " al eae Aan 
: 3 + be wae Apart oc Bs ee ans PARE nee Reta “dad hey cals Raggy 
’ q ? Cera, ry ee my, 4 Cer hy ute uN iO ?, a uLet ty dehy) } heh ests aD 
1 } } bv ote » se ?, H i Rat y a 4 pet pe, 
; , oar = ss Pra hake sy hd gry Bt Dy ee YY od yey oe ty peas pinytal aaa} re aie Ret 
, V4 >} 4 i; ray MA yt a } Pare CRAP AR atte fis i's “°¢) ‘: cae nian >} ne 
: y A *y Hi 3th ‘ Wy ' ” zt mS te 
ae May ay ey ee ment, Wye-s De" osha he a ast od ME: +, hy atta 
u , +y? F 4 ‘A seg Ne We ‘ a Se bor ye’ < 7 mir eine cun Ym hf 
's Pi at ii} ry ‘y! a4 a " ig Pts eH ‘i ae, Hey i gah 4 “97 a a ah IPS Py rl , 
a a - ’ j . Tee Tepe Fe GF ri ae Ry Py ys : a4 ees Mie HEMT 
¥, ' ‘a ; }, by ; > t Mr , A Rs pe! ye i rhe 4! : ta } Se ECE 
hy . ta f oa 4, ek ‘ we ne > 
f : j ; A ee Vityes tae z piety Rw 
' we Pia . ' ry ad of! ee } “1 r ‘y ‘ ott La >? 
PG ’. wy aes a | ¥ Fe an | : " ‘ , A 
a Me : a ves Mey ght J 
; ' ' ‘ 2 v Ay MS > s 
» i 2 by e . 
. 4 Td 4 OS p a ae 
i ' 1‘) ‘ ce . wg 
’ i ay , aa ex 
? at 2 
a ' 4709 es og het Y 
od tae . 
: ¢ ae Wools x ji te} et te oe 
' Pe , ot e . ‘a * 1 4 ; 7 is Ai Gd) 
a, : - © ieee ivey Busse 
; . ey ec , Mh Lt 1, fe \e 
2 44, ay . s ‘ up 
i ‘ ae) ‘Ts foi 7a ay 
oJ ' 1.49 Le | Pe. ' A ig ‘ ' ag sf f tI! re ad 
“ e a ’ / He Fe ? ' ; 7, ' } "ss . 

* 2 , ‘ j 44 Ci re "as P ‘ 
j t re oe ae toe) 2 me Ti : rears 
mf a dy dy ys We F if i i Be ane ni wy 
cer eet | re eal”. by teal Sat Pie beret fake 

Pe ors") oe a Pere BU ere eran a BP 
3 ‘ ; y,! “7 $ 34 MEF ae 3? eat 8 er ROME vores Ag EE peace a ; ri EE: 
; » bs i : + 1 PS rata) SD ae * BY 4 iw 9 227 eee Lakas dee ee te dd Ey “yf 
’ fs ii i a »' ae? rir f rey rei o90-38, Oh oh 2, Py 74 ou ast # Loi ps pases faids est hy “fi 
ee 134 v ¥e , ‘ . ¥. eG PPT Ps rid shakers 5 furs de ee d “pis Ags 
Sp sifere 8 LA Kb, a 4) a tht oe Avy, ee es ae oe att. vite bth raat pied heranlene 2a? Eee : 
: CN a i . oh Md Aan ae, =? One #9 i hi ad “6 : PO A ere Creu! aie tay bAS a otf pi 
| AU e es eS Po us 1A ee bah pe 4 eohig’ aie an dite: aed i yy: Mein vt soa es On Le 
, 4 ; yah “Ag - Seat sit ew otk M np baa i TLE 7 oh 9 : oe oe 
f oa Fi wel cs wal) cits q 1 ae 4 sen MG I drry We: > 4 ae wines bast 
hs ? : i? ek ° bee? ic a a2] Fo a nt i ar Phe, oe8h) ‘Wa ft. ae FP Vapntthy eat i Paeneee be ci te ioe a3 ore eee Ra tate 
} a4 ote aN F 5 ot ; > ‘o , i . F $i Lg Mat Bae: “ igeey sepia , note ‘4. nye eee re hers at rye a A dash eel G, 
1? a A §F Bis . , a Aen ae were h BS i ie se y 
toe oie ¢ j eat td Pats . “ ms eo esa Sip A 4 $59 | be ¢ 9% cri he 
F ; as F od ‘ aay fl mt, i \ hie re : : b \ : ea ‘ge Nae ois sag at se 174 pase ieee rida it, en sei 1 Gla tenes os raat Pores ce 
2 A im, $ 44 ' ae ee a ee | ' . . Ci 4 ; uh: ie 8 4 * po wa, a Sie one " 1 d = bey 
SUD Ea fb t ; Co rie ose a ntae de, PARR Utd Node orige if ap OI a re baie a tote se if BE r 
i : + , Pe i" a aR Ye pag : we ns j Mh a Yrs. “4 Nat) e eae ale kn peat thade ee eTanrnly: voy manors Lae pee gis ee mew ge caw: vd Eisaty Le ee 2; 
x ak "a Se Ser hae ; ee ee es ECan %: Ba ve ie ne at eae mae g Po auaMtaeue my Hg Bete “ees ie tA ‘ ah ae Evrae ry esp ae aya 
ca ole .s oa. ’ vehi ie des See he pd oth, Tel A, 3 ‘ Hy pia Ie ° tok a EY ° tae he mi ren, ‘aly Teal ait hate a eget 5 ae Nes They fi spies oe at por ahs @ if eee hee ati 
Bent es Mes, 4 oe Sell elite “Se ™ 2 re iv vine A nie eats ue eng fa eae AN A 3 Ye ee ite: ee taty es “eee ifath apts yee gees ep Ppp epee! $ 
7 oat 3 ie Pe ty wees 5 iy "y Are. the "dat Nast avy Na uy ha vi ep Vin Heyes fae 4 ver na va Bie a vip z3 £3 ty ane oat rin i ane Gocyes at fy 4 a: bine ve eo POW, h 
Tey eee eo “hee ta, Ne ree oe OD try my tie (¥, Rm ph tenia Eilat letae ie plngied- arta aft Sige rt hore ier OW Few 6h : Pond ff ohn rer Fpl att nae 
: “en LU iis Slate “4 +4 oil ae tee ey eats 7 Es rr vie Ane Hy ae by FS 40 Pees a MRE oe paseer et pt viwhe 
‘ tig, i eed Os re J 4 2 lt& le td ? le i FS bet f ns Ha ; + Li thy nan evant bend fe, rat sad ae 9" van % 5 bal ples fa. 
Doyen at i { SEL. ! way W268 Hee inw bret Tah at 9 i Fas cute, to os 6 oa eG pie ean Sepyte Psa xe) rudelge pate Pe ma, hip Sart De ett ft 
tes} 4 1 fv ot 3 abe + *} UH a), ? rat 4s coher wee uF bare athe rie i) rir ote mead. i bal geot fs Eh ah Dh eri avg a Lae! pen re ery : fore. HS 
oe tail enti! ad ry, Vey ve ants! Fy aa aere, harass ‘bon hare ene . fo hatine Ve “oly Ee ele. bet geeg sola gree Tr mam Bee e 3: 
ee t (rl bee are si s ‘ nity 44a nan e's ¥ 10 wey ie In ee «Oe Abe 4 : seul Wary ‘st ena To v . oy 
fe i arty Newt 43 ae ar ; 1D be ae yy ite eh Pings ot ¢ 034 ? tetany La Rpesact t sas! er fone ated eonew ere 
c3 % es 3 eat te i Be, Ea OVO, 5 A of fet ge “ea Re amet teen rs x : eee ci ie Ae a Pepi seins ti) ft fon ee ; i aa ° 
Be {, ie ae ' LO eared fects fe fe at ody ey nina ise 3? sins * a PE ot o 4308 re bdalet Labi bs a " bang Pate boda tt: LB ts tap ind io aR ania ee eitetit niieterr wen 
"sy a sei nee eee “ie we "y 4 ii oe ry P, et aS ite ioe? ot irk Pe 43 ate seat ip, 08 Sy vot AT 2 min oo Cian verre 
‘ r) vi ere ia a a ia v4 Le Cree, on . , Yeo bas- gat Ve aaa gauss of eg: * ae Fe by foo one nitty ait Cheetos bl oh pen vir Veset veer ah) } Ce plde al oot We 
HE t, pega Stee H yaa, rae On| ee ah 5 Ot Ieys iia ; whe Wale id ee ies a) conte B Mags fk re was areeees par apa sed vA reama np Wg or ited 
nies ia, a3 b Wis v5.94 reve, ‘ hs ” A ‘ a + Pager UP ay "Sye b e eae ey a oe gral ATT Svein y Task ry fenfaaevetses rion a> rifle SG! we Lak) PFQOs vr .07 Che eee 4 
: gn ‘ot bye, lala NP ah ae oy Berea sregeye yg: tye Hee A So ami aetdee Yee ter tee Pers 98 et oH tl o>: aie okie PHN "9 Dam 90 
eee ee ada Se Ge ogi es Ai ant fe P OS Ac sO aL RIC Pcie py ot Pag assent yp alate" ser 
kr eb ‘SL et Me Paul A ‘9 ay sagee ra Ge ig Dar Sat ty OA ic ae ie a artis nu baat BS ed Pan on ai te be if ING eae ete int is oe: aerate Seer be! eli hg hort tyke: 
fe i Hadise, of & eat " us « # Vda, ° ry ‘ eta vy wR As * - ae moe Coe ete! : a > i a Read my) Svat Sr ely ri nt o ra amigarene vr fetagt 
“0 P , : RE oe emt a ie iia Pe 4 t git ay. pte inp gimp ‘ para y es ©. pad aed ay share. wie ne 7 oh tg] ha 1 th plo were SNe 
4 ‘ ’ - ‘ 4 ’ eg 1} «es ‘anal i € ¥ see are LID hab it w mia yt igre Tes aber eae th? of 5 Seca ight opr sett Payee ey 7 > a are 
cee y as Le ets » id , | A ee ae ripest Bs" Vy baie oe st Aa ower at ee loner os fick Age Side pape A sere sg inthe erat ie Vielen ay, Peyers Doe eo ¥ 
i ai an Pa | i wet aoe Taken ye. iP aus yet are . roe bow. gh A Oth See a Vitae Te Abita a6 7 ae mhe Fpl peng ans ne FFP. ry 
i pe ; : Wea ee ye, ete ‘et, Teak, ney we 4S: Do an . ate iv iag i won aE ari sO Sets be if eb aNat Se ed ye & at oye Pastne eine is ong ae 
} ni ese ita ae 7, ‘Yd baad pts J HV .04 5, vurnr vate iy YO Ty! Vat ’ athtn'y bald tid y reyes ea lata vee . s i oy a 78 *y Holyeae 
i. : a ae a Pe ada has a oo sae Oh Pera tA : 2! fate Layo ra iP ees Lake : eatin Lue dd eee sue 
ed) . os ° ar. 4 : \* ie aes i < ETL Dad F H te, * fe eee Huey eis i Pai LAE schist A hey mes 9 pe uF oe vinoker es 
, . ete PE ETP yoo Wad be ea ee ee re RAS yt sep : Mie atin ace, yh, bye Brigiealtae Bono ; a eae ihe 4 Seale £4 
' ee ee re e's OU ay Pee path n ait v hay ou pura fan's attnte ey a econ oa 1x ns ut es ee a of eee “sevares vn Sa prnarp ae 
, : eee or ws pein Wire 1 Pra he Le Pais py be “eo tly a Ne ali bh Ti RRA IIT epae Fee ate SEA ap oe if sive ihe ase y Stan erp aiasiaye Ae oh all 
Bey ws a Lene r 3 “a wins iw: “Y aes - ee hy i ee a¢ eis as re ht 19 alate aad is da aan ve dR aut atte sae 2 aetgen é “pre ends vine 23 fe Yi ory mw oon ne Hho are 
é nei . Pe aE oe byt, alas Is - he ds me tytn an seat a flares oS Meal , e ee ¥ ot a" Crary Fist aie’ va ee ss ck ste 
t te ; » ie rs ae ang 0 dyit , ° omy : rf ied ys gt ej ‘eS aig un } y as att LOR ins 7yyiit At es rae oe be nfo vol vot 1¥ hy pee ge ae. 
’ 4 } vod ” : 1 4. EAT ere Gon hg Hoge ref, sed oe che erp} qi ee a ne ied i 5 p> roe rt. o aarti cerm ately bp eo : Nimeeal per ey Gh alee 
‘ UA at ee ae AR Sew cate pee ¥- faly wage rd tore wre vrs fine a oy ean) 4 beat he th ee me) tage =) 13 Fm We stay ite NDA GA aor on pga A phot WW Apap ted 
sf, , eo ; $4408 eet insta s 5 ose + rote a f a, boy J ye bl ‘ ee arly cate 089 ae "gu ower iy is apy re Ki ey, ve ieee ot hes pe od OY Pea ad yee wie Le a ane Sut iar ge eo eee 
ea | ‘ ‘ ‘eles Uibiaiy ot qe , re an ae ‘on ms eas ut bets cay ‘ ¥ aft "Ss j, el Rina ye eo fea " we : aie AAs oe or att atte te Ta he digs 720 di + ee neces 
; - ae git Nar anny tic a4 A Bf igee he re ‘a ee Et Sp ine a FARS eye ver eae Ip? Pits, Ie ieee yas re Pea sot Meoiatei yy 0 baer ery htt f 
es any eee * 67's wets Te'siat Fas Votes ek ian Tat glad we Chet opie eget ae hen wadlarie” fr oe of Rie yao fy Pia A PAI © 9.9 ye , rrmeitieees vd 
v° Tere. i r CKPe i A 19 Jaha'g 4's aah ike rh ar) Moods wpe hy Mot egtr aa rae e9 San yew a Sti ator a rat 
Lae wee Ad ee am Id pie fe y's tt PhO at, W fy og te Vy Hig Hy sce ve TP Dots) Gi 3 ro 2 wes a j 1 On) Ae Ore ya 
Ne tt Pe ay nee rs ag h "oe oo eae bana a siete ee sear es 
L) "ys e 7 ' ie) of i id ic a Lay pes é i Wage yu ye 0 or a oo My ah Ue PB 4 f, . ae et bes tit Bt aM | r® via ay oo +>) wept ‘ ot a oy Op Mp fis af if 
; ae, ie) ae ee eas Wicedale © td sine fat relly at a pe rats 3 Bae Bi smon ae Evia tee tale gg ya ies Sasel step 
: ; aie pr eee Re i A ne ett Piuadt ‘ht SZ ts spelt gs Sat A ’ a ne "19 *} & a gee pod 9 et Un ip pater a ate pe ade Pett tet 
i ees 4 Momma t item t tte re a a ' ad Bites eit es aes a) af tes Aves Heo eure P: erin weev Oisty a nants i prey arene dg ae 
tones a a “ ey, pe ¥ . } .. “? 2, Vas 3 8 M4e4 qt rw Ee WOg! *- y) pa ie Pn 4 ear: rat aT weerren ms ypeer ory pip vg ee] 
east tT eee re rcm et bs : "pete yt ps Bhel p e Kee ee f 1) a wey voy vias tts eee ra 2 hp a age et Cite Leen Raa Fpccbieplec Gs 
a1 . 7 ‘ foe 19> @ + 9 ii ap a ene Co t 9 tepy ¥ oe e'1 0 ae ' fe 4:4 ee *, gto aA Te 45 hel rece ura % ara ca B Rath an era eo 
i DA ed UR A a ve 17 A Ly ve . RES Be eas vt + tn rer i ea > naire wus sem vee 0? koe shee ie ae ey: etd 
et ' . PA TAY 't* 3 Ur ie ae a 3 TVR ee 4 i owe es Fe oP = LP "piety ine A, a ee ' ielew pelos. sen phe oP ety cuore PEP, 
: Uy : } j vee aa ° fet edt ar #4 © do ert ee rd wey * Ty! Liew va uh ier ee ince one nome viene os, "4 aa i dn aed Leb et 
Vy tyre a are -2 Rv) 1) 4 be a4 ms ’ ti Pa ye Me ae ee} te iy wwe wade WIE on ras - mone Lane fig hey, wy aii cma Sap iH e'n qo 
eg ny : ’ re SER le g Frmeis ‘they. is * SAA? Pe YE ps arty at Bd ivgtis Tens a ¥ up's . aay ery A eatae fy ob mvs wine * Gerd coe bated J he? aah lad Ree Le 
. US een ei i ‘ fa t so! wees oF * a se «4 de 3 ee THING o Bi Wyn s “Se ies ee rent ligig by at enatre we “a. a@ Sin op ) ae Sita a" bP pled “we at ela & nes a” th este At 5 oh OF ‘ae 
v4 soit fe paar af target, hi Lett sc > 1 " a'r fe ar oT © IG: 9, HO Wine tee y rye bi ae at Ore oe DUP O° Vad be ror ha ny! ght pple ively Cad aes) bph p "i 
: ; os a1 r * » ; t © Par oe ee ? daha : ow " q Ky LL vs Rakes t; va uty AC, pans ~~ # wwe det: Re 4 Rate o ae: AL eagle 1a Bg fie firma - . pf 
' t ‘1 4 cia é : 4 { J¢.s +t i er ro a pk a oe *% ve ng ae OF -% ww “f % *, oof Wty a w iy Lindy, tla A 7 VF i pee 192 gw, ama ibe » dpe . Ph AB gl lds 
ee a Ae j thoes “Pata me es ee oP aes me Pe ws reeey mde ig rtd ah ot ds it oP age Ho ekavee frag) taldie prety ied dita U I eine we we Lav shale led Afi ia wage 
5 ts : , Me. eae Baa ath af rae euedicren s ate Hey ea Se ork on Fong Meaney eaY id awa aad wre 4. ois Le see eratie  auNanS: Me md ti 
Y ‘ lye wat tos an me A a rdud "no Rite fied JP: POA Ces Pit oatnert a Pra MiteRiis cpp AM pla Ae yey 4 ph eee “ave 9? Lin Oe, MATS pA ghd 2 
’ nt baie $ re i al ah I ligt 5 ¥ ok ny re rd Nanvedhre ade beheld bale ork ee Trips VP Mile ont Ke mks yen ralinw ater . sites crarkdace pay 
: AL wl 4 See ae St ae he bam Bee ton Rate ath rene von ie WV ke ‘oiterverett oon timeltace. UAL AC eee eae “fin Ri yyeny iy Ad er eee er Vela lqraen trate e: PAS 
\ ¥ : i x] i b i * 43 By ' ee: t \y'» Ose re. ae ‘aeaea, ah ashi Ly piss M) i? wb wy nen tant Tie se sae my wo f “ oe" pate wl: Lea DA " ace a "este 
a ee Be is \ ‘ : at 08 ¥ n'y Ade LS Want The rete lone Dds ea at ID Nev SN oF 1b ge yo t a ae ws suey iy ieee de 144 sey tieg po hour : 
4 rp care feat ty Rare ot Py Kaas vem ini ee Meer ir atese a if Pepe wn niie.me cone ' me oH nv rip ce in sah sucess. sa aes ros 
x , . ip . % OM fy 1%, 1. U,9.0°4 Ty nfs yr ya 2 ory 4 ‘pater ge we See ait Pweg Lm ad Wry a fh wee male ts Nie fe oe Ory fate nal, 
5 ‘ di ee i by Sothys aD Wieya LEARY biagct ts fi & hoe ss, 7 dine eh oh OL ot ‘yd pant Mar PU a hy Pei 2¢, i pe! ogee i .) 
’ ' ’ 4 $ yas Pacey heats by fw 8 tr Vee W570 ese St bi A # ney Seip ha, L dle ery Gieey, spate saan wt ky rao) tana te re ites 
: oe “sa ; at oy ‘ aes aids 3 tty pine fe oa) i Me MetiiaS "ghie Be wih: as +4: meee ith aan p sib FF lav og ie Conn eG Pye 
ii ; } ta re ve pe RY ve hea deg HP wok gas i but ore hate Yoon tucgey 0 WE Ha cag haat Pee Hts ane fs pi Mas ate eee pA As in eel) bee aA | 4 diene 
: é t : i ' 30 Fe a Ae AL oogige 55h} 47 Aa Ape "Y ‘a HGH eps fen A det ite wily gaa Ld elec Pau hes rte AN whey ag yh a Vey eee A nae t ane: fine 
c : , a. 3 Harn Sta J » By , wade ae bd Seay, i nt | Dy elA CA ans fae et oe v fry sae te 4 
‘ ; Cae 4 Ss Vike at a i, Pa a Vii es in, Pay: vid : 7 se fe Pt no irs a ‘end avtetats ary adel, rn 2 oo ad Ht verdes Ont ee rib eerie Fe y ea Pe nel 
oe a) pa tt irr Sears atts ae nak MS Fenty A. BLK Rhee AP ALLA, ae AF a9, th aR (Awe ny asta At wich, sitet aa Top dees Kay #8 a ifn ang 
é Bs ae: 9 oe nn) ? wg. a ede d va Hed @ "al. Sand Pin: 4 ran vs vo SE pay tL i0 5 PE : Yo a ew reat ene! ays convenes 7 Ws © 
a : 5 ae a oer and ree ee MLE "Byles $e AR am Re Be a Mt he aAN vant t, a Ares 2 erence ov be vivo ya an Mone, meget em gtd 
r : ane aa A iD "t bye hd RAO ke Nad Care ule adr ta I bathe iy este % fiesta AWE defn pgs aah ut ieaeid ay% Adt wey ray} HAD a CORK oe co 
na , : ar ott ee ah « tee di Views, 3 ; oy "seat ce en ed 4 te RA COL 2 A | Pe ame en Ld de A ae uh . Pyieaah ent Path oe ler th 
oa tay . AN! diab ke. he dy, me i w * ti 9K eeatatd abc mocers W as dip an we js ee 
Wes j 45 a ‘ ra i ‘ 4 J ik ny Cutch atic mao : a ol vy a % A. rai ert F, few peak Aeto'y oe re oho ei f, racial 
; ; ‘ us r 203 ee @ren ryote) uw iby win do ples 1? ny A ol he 0 4 a te a ine piste ALR Aah 
7 J ) Piso! : "5 i a wt * Aire f 4 ' “ dik] yi ee4 Oy 1994 + 9 wie M A Ma rit i’ bh Pek J or Lpoud a fe is Tes FTAs he *' 
‘ ee ar rll 4, ip , Ane gets 1g) Vata, a ia ah he “a ry idyrn? ais -4i Py pet awe ey he Ae gah he Bae. 
# : ¥ in ‘ Bir nde » 1 
: i aed Oe 2 oa ee A ¥ ; un + ees oy pe sh h fiyt a hee Boer ya ihe ei enye . way, 
a , ‘ Ww fi t q rae q 
‘ - - we ; } ‘. Pe, ry Ny R iy! K r* oe gs? bf ee mrt, Se beepers oer 
, ot aris . vy ort ay 
' = y » As ‘ , ’ * rgfa ry 
) i! : - Le a f : 1 re ene 3 why pe at Ad a tk "9 fay is sy Pa Me 
As ' ita ‘ ; i ue ‘ a ved edt ma _ Be 
ee t ' ig Peas : i ie. i es 
he he is os 7 | | Jn -y rtd ewregi b&b 
- ; : i ¢° ’ 
Lit | a 5 a2 de ve t' 
i P ’ 
it ‘ ! "1 
‘ J 
é 








DUDLEY KOK LITERARY 
NAVAL POSTGRADU ate SCHOOL 

















NAVAL POSTGRADUATE SCHOOL 


Monterey, California 





THESIS 


IMPLEMENTATION OF GRAPHICAL LANGUAGE FOR 
ACCESSING DATABASE 


by 
Alparslan Horasan 


June 1986 


Thesis Advisor: 





Approved for public release; distribution is unlimited. 


1230686 





SECURITY CLASSIFICATION OF THIS PAGE 


REPORT DOCUMENTATION PAGE 


1a. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS 
BNCLASSIFIED 
2a. SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION / AVAILABILITY OF REPORT 
| Approved tor public release: 
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE distribution is unlimited 


4 PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S) 


7a. NAME OF MONITORING ORGANIZATION 
Naval Postgraduate School 


6b. OFFICE SYMBOL 
(if applicable) 






Ga. NAME OF PERFORMING ORGANIZATION 
Naval Postgraduate School 







6c. ADDRESS (City, State, and ZIP Code) 7b. ADORESS (City, State, and ZIP Code) 
monterey, CA 93943-5000 Monterey, CA 93943-5000 


8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 


(if applicable) 






8a. NAME OF FUNDING / SPONSORING 
| ORGANIZATION 








. 
Bc ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS 


| PROGRAM PROJECT TASK WORK UNIT 
ELEMENT NO. JNO. NO. ACCESSION NO. 


11. TITLE (Include Security Classification) UNCLASSIFIED 
Implementation of Graphical Language for Accessing Database 





{ 


‘12 PERSONAL AUTHOR(S) 
Slparslan Horasan 


“13a. TYPE OF REPORT 13b, TIME COVERED 14. DATE OF REPORT (Year, Month, Day) 15 PAGE COUNT 
|_ Masters Wine Sis BoC Meee TO) 1986 June 20 a 


16. SUPPLEMENTARY NOTATION 





17 COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number) 
FIELD SUB-GROUP GLAD, Definition Window, Schema Des rene Are a:, 


| LrLCUdTCtsti‘(_iCtsSSCSYYs«sMannipulation Window, Help Windows 
iia as 


‘9 ABSTRACT (Continue on reverse if necessary and identify by block number) 
This thesis is a part of the implementation of a new graphics user 
interface for accessing a database proposed in paper (WU86). Asa 
mecsult of this study, the data definition language of the proposed 
| graphics user interface GLAD (Graphical Language for Accessing 

Database) has been implemented. This interface allows a user to 

Create a database schema graphically. It is easy to learn and easy to 
use, in spite of conventional query languages. This thesis first discusses 
,the general concepts of database and introduces the System that the 
implementation was achieved, then reviews the conventional query language 
and previously proposed graphical user interfaces. After diese ribane 

the major features of GLAD, the implementation is explained in detail. 

A listing of the program that achieves the interface is also provided. 


20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 
PUNCLASSIFIEQ/UNLIMITEO (2) SAME AS RPT. (J oTIC USERS UNCLASSIFIED 

22a, NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Area Code) 

Brof. C. T. Wu MR QAR ARG 5 2Wo 


OD FORM 1473, 84 MAR 83 APR edition may be used until exhausted. SECURITY CLASSIFICATION OF THIS PAGE 
All other editions aeeausorere: 









= +" 





Approved for public release. distribution unlimited. 


Implementation Of Graphical 
Language For Accessing Database 
by 
Alparslan Horasan 
First Lieutenant, Turkish Air Force 


B. S.. Turkish Air War Academy, 1982 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN COMPUTER SCIENCE 
from the 
NAVAL POSTGRADUATE SCHOOL 


June 1986 


ABSTRACT 


This thesis is a part of the implementation of a new graphics user interface for 
accessing a database proposed in paper [WU86]. As a result of this study. the 
data definition language of the proposed graphics user interface GLAD(Graphical 
Language for Accessing Database) has been implemented. This interface allows a 
user to create a database schema graphically. It is easy to learn and easy to use. 
in spite of conventional query languages. This thesis first discusses the general 
concepts of database and introduces the system that the implementation was 
achieved. then reviews the conventional query languages and previously proposed 
graphical user interfaces. After describing the major features of GLAD. the 
implementation is explained in detail. A listing of the program that achieves the 


interface is also provided. 
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I. INTROD UC LIOe 


A database model is a vocabulary for describing the structure and processing 
of a database. DDL(data definition language) is the vocabulary for defining the 
structure of the database. DDL specifies the conceptual scheme of the database. 
The data definition language is need when the database is designed, and when the 
design is modified. DML(data manipulation language) is the vocabulary for 
describing the processing of the database. Processing could be changing or 
retrieving the database data. DDL and DML compose a query language. 

A query language can be efficiently used only bv sophisticated users such as 
database administrators and system designers. Experiences in using these 
languages have shown even those people with computer science background often 
have difficulty using these languages. However, nowadays. they are not the only 
ones who are dealing with databases. Casual users who are not computer science 
professionals such as accountants, clerks. statisticians are the most frequent users 
of the databases. They may not have the patience, ability, or desire to learn and 
to use these query languages. Difficulties in using these query languages will be 
reviewed in Chapter 2. 

Because of the diversity of the users who are dealing with the databases from 
casual to sophisticated users and difficulties using the query languages, a better 


user interface is needed for the databases. 


In the paper WUS86]. a good user interface is described as capable of 
supporting computer science professionals and the growing community of users 
who have to access the information in the database management system but who 
are not trained in the use of such systems. To support those users, a good user 
interface must have some characteristics. This paper categorizes them into four 
categories. The first one is ease of learning. A good user interface must be easy 
to learn because of the diversity of the users. Second is ease of using because of 
the same reason above. The third category is that it must be able to show what 
data is stored in the database and what relations exist among them which is 
known as database schema. Over the past vears, database schemas have been 
used to to explain the conceptual scheme of the database. However, it has never 
been used for interfacing the database so the user does not have to remember the 
types of records and attributes and relations. The fourth one is the power of the 
interface to be able to handle complex queries. 

Graphical user interfaces have been proposed by so many researchers as a 
solution to better user interface. The upsurge in development of graphical user 
interfaces stems from the capability of the graphics in terms of visualizing the 
concepts. Graphics has been used in many ways. However. they all lacked 
fulfilling the features of a better user interface which is explained in |WU86]. 
Prior researches in this field will be reviewed in Chapter 3. 

One of the approaches of graphical user interfaces is GLAD(Graphical 
Language in Accessing Databases). GLAD attempts to eliminate the lacking 


7 


features of a good user interface that exist in other approaches. GLAD-: 
approach is to be able to use to database schema to access the database. The 
features of GLAD will be reviewed in Chapter 4. 

GLAD consists of two components which they are the same as the other 
database management systems: DDL and DML. This thesis mainly covers the 
implementation part of GLAD’s DDL. DDL was implemented on system is1v 
which has a graphics capability that enabled us to implement the DDL part of 
GLAD. Implementation will be reviewed in chapterd. 

Graphics workstation that DDL was implemented has a high resolution 
graphics display with an addressable screen space of 1280 pixels(height) by 2024 
pixels(width) in a 19-inch display. Workstation has a keyboard and mouse as a 
standard input. Mouse consists of three buttons: left most buttc used for 
selecting and moving windows, middle button used for pop-up menus and right 
most button used for creating and erasing the windows. Actions are done either 
by these three buttons or selecting the action from the pop-up menu and letting 
the go command run. 

This workstation offers multiple window capabilities and a_ desktop 
methaphor. Multiple windows enable the user to deal with different windows 
without loosing his attention. 

Desktop consists of icons, each icon representing a program or a separate 


device. For instance, Unix operating system is represented with Cshell icon. 


Once the user creates the Unix OS window by selecting and letting the Cshell icon 
run. he gets a separate device that works as a separate unix workstation. 

With this graphics capability. user can create a Heeataes schema by creating 
the records and the relations. The goal of this thesis is to implement the 
graphical DDL facilities, so user can see which data is stored in the database and 


which relations exist among them by scanning the schema. 
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Il. DIFFICULTIES IN USING THE OUR YeLAnNer cr 


In this chapter we review the major difficulties in using the query languages. 
Following factors can be considered as the major reasons for the difficulty in using 
and understanding the query languages. 

There are so many things to be recalled by the user. Before the user expresses 
a query. he has to remember the names of the record types and the attributes. 
User can only find the details of the attributes such as the format and the units of 
the attributes by exploring the data and looking the attribute definitions up in 
the dictionary.. To determine the meaning of acronyms used to represent record 
types and their attributes is another problem. These problems become worse 
when the database has hundreds of records and thousands of attributes. 

Most query languages are based on mathematical concepts such as predicate 
calculus or algebra or set theory. These mathematical concepts leads to a 
language with a solid foundation: often. however, users don’t relate to 
mathematical concepts such as range variables. join clauses or projections. More 
explicit models should be used to support the non-expert user interface to 
complex data. 

To formulate a complex query correctly on the first try is considered as 
success in dealing with the database. There is always a doubt as to whether the 


query is complete or whether some conditions are missing. Sometimes user does 
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not have the complete query in his mind. Instead of a complete query. building a 
query in a piecemeal fashion with feedback of partial results would be more 
beneficial to the user. These query languages does not support experimental. 
exploratory nature of formulating queries in piecemeal fashion. 

Complex schemas with hundreds of elements in it, could be overwhelming to 
deal with it. Most query systems have only two levels of detail at the schema 
level: record(relation set) ei attribute level. Even when second level is 
suppressed. the user still has to locate the relevant record types. At the attribute 
level. there are thousands of attributes of a record type to be checked to formulate 
a query. It is very hard to: find the relevant record types and attributes to 
formulate a query. 

Complex databases often have a large number of data sets that deal with 
different subject matters. It is a hard job to know what and wiiere data is being 
kept. Lack of viewing the database generally with the query systems, blocks the 


users to select subject matters that are of interest. 
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lil PRIOR RESP ANC HIS 


In this chapter. we review some of the previously proposed graphics user 
interfaces to understand the concept of graphical user interfaces. 

SDMS (Spatial Data Management System) is a sophisticated data browser. 
The representation of the query and the output data is done thorough the use of 
"icons". which are graphical tokens representing database objects. With this 
system the entire database is shown to the user as icons on multiple graphics 
terminals. A user could move his cursor to an icon of interest and zoom to find 
more detail. 

The graphical presentation of the information encourages browsing and 
requires less prior knowledge of the contents and’ organization of the database. 
That means, user does not have to specify the information precisely and does not 
need to know exactly where in the DBMS the information is stored. 

SDMS uses three color raster. scan displays and one mouse for presenting and 
accessing the data. One of the screens presents the entire icons. representing 
different types of data in the database. (This feature corresponds to the use of 
icon in the system iszv. This system also uses icons not only to represent the 
database but also to represent different types of applications or systems 


programs). The other screen displays the magnified portion of this data. By 
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using the cursor the entire data can be scanned. By zooming the Icons. the 
information on this specific icon can be retrieved. 

The weakness of this system is that it does not support complicated query 
languages. For example, if a user wants to compare the informations of two 
icons, he can’t submit a query to do this. He has to find these two icons. get the 
information from them and compare them. This shows, SDMS only provides 
weak query languages. 

TIMBER (Text, Icon and Map — for Extended Relations) is a user 
friendly, graphics oriented browser for relational database. Timber is more 
sophisticated, comparing with SDMS. In addition to data browsing. TIMBER 
also gives a capability to browse texts. maps, and icons. 

This system provides a sophisticated visual interaction with the data in a text 
file. The text stored as database objects can be browsed and updated by users 
with this system. It also provides a capability to display the geographic data. 

Mainly. TIMBER is a sophisticated version of SDMS. But it does not 
provide a means of representing the data and the relation between them. which is 
called as database schema. 

One of the systems which uses graphics devices as tools to interface to 
databases is GUIDE (Graphical User Interface for Database Exploration). This 
system contains subject directories, help messages, zooming facilities to the 
relevant part of the database schema, and partial query formulation with 
intermediate results. 
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This system offers a graphics interface to the user. The database schema is 
displayed as a network of entity and relationship types. 

During the data definition stage. Data base Administrator (DBA) provides 
information about the schema. in addition to information on entities (objects). 
relationships, and their attributes, their examples and explanations of these 
objects. The graphical layout of the schema is fed in to the system in this stage. 

In terms of visualizing database concepts. this system provides a better 
interface then those mentioned above. But lack of aggregate functions. use of two 
screens (one as a key board and also a query result presentation, and another for 
schema representation) and use of two separate diagrams (Entity/Relationship 
diagram and subject directory) for representing database schema are considered to 


be weak points of GUIDE. 
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iMaeoesChiIP TION OF GLAD 


This chapter describes the features of GLAD. 

The main objective of GLAD is to provide users with fast, easy access to large 
volumes of data. GLAD achieves this objective by displaying a diagram of the 
database schema. representing the data stored in the database and the relations 
among them. This diagram is capable of representing real world abstraction 
concepts such as aggregation, generalization. and classification. 

Aggregation is a grouping of objects and subobjects. An aggregate object 
consists of atomic and non-atomic objects. Atomic objects are the ones that they 
are an aggregation of one system-defined or a user defined "base" objects(string, 
number, boolean, subrange, enumeration). An aggregate object is represented 
with a rectangle with the name of the object written in it. The non-atomic 
subobject of an aggregate object is represented with a separate rectangle, with the 
name of the object written ‘a it. The relation between them is represented with a 
solid line. 

Generalization is a grouping of objects which they can be regarded as a 
member of a general category. The objects that comprise the generalized object 
are called specialized objects. Generalized object is an abstract representation of 
a group of objects. Each member of a generalized object can also be an abstract 
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representation of an another group of objects. This level of abstraction provides 
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user to deal with the same type of data without loosing his attention in the 
diagram. <A generalized object is represented with a nested rectangle and the 
name of the object written in It. 

An association between a generalized object and another object is represented 
with a solid line as it is represented with aggregate objects. When one or both of 
the objects are specialized objects the relation between them is represented with 
dashed lines. 

The last abstraction concept we mention here is Classification. Classification 
imposes that each data item stored in the database is an information about some 
object. Each data item of an objet is called as the member of the object. 

To indicate that an object can have either one subobject or another. a circle is 
used attached to the upper line of the rectangle. This circle can be used by all 
the ebiects in the diagram. This type of relation among the objects is called as 
disjunctive relation. 

GLAD diagram to represent the database schema fulfills one of the features of 
a good user interface: descriptiveness. The other features. easiness in learning and 
using. of a good user interface is also fulfilled effectively by GLAD. GLAD is easy 
to learn and to use. User does not have too much to learn to create the diagram. 
Only concepts that user has to learn is that the regular and nested rectangles. 
solid and dashed rectangles and circle. By knowing the meanings of the 


components of a diagram and the use of the system, user is ready to create the 
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diagram. As to using the system. interaction is done with the mouse. by moving 
the mouse to the desired operations and clicking the buttons. 

How the objects and the relations among them are represented will be 
reviewed in Chapter 5. Chapter 5 also talks about the use of the system in order 
to create the diagram to define the database. One of the features of a good user 
interface. powerfulness in expressing the complex queries. is mainly the concern oi 


Manipulation part. Since the concern of this thesis is to be able to define a 


database by using graphics facilities, manipulation of the database is not detailed. 


igs 


V. IMPLEMENTATION 


A. TOP LEVEL INTERFACE 

Graphical database management system is represented as an icon on the 
desktop. As the other icons represent different types of application or system 
programs, database icon represents the windows opened for graphical database 
Management system. A window can be created either by putting the mouse on 
top of the icon and clicking the right most button. or selecting the option from 


"oo" command run. 


the pop-up menu by middle button and letting the 

When the DB window is created, a top level menu presents the top level 
options for the database. Top level menu consists of 4 option boxes, representing 
four types of actions to be performed: Define DB, Manipulate DB, Help. Quit. 
Define DB box represents the window in which the creation of the database 
schema is performed. While creating the database schema. the records are also 
created. and the relations between the records are set. Creation of the database 
schema and setting the relations between them will be detailed later in this 
chapter. 

Even the concern of this chapter is Define DB window. I would like to briefly 
mention of each top level option. One of the windows opened for the 


manipulation of the database which will not be detailed further. is Manipulate DB 


window. The actions such as update, query. retrieve are achieved on this window. 
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To keep the completeness of idea of GLAD Manipulate DB window 1s represented 
with a blank window. When Manipulate DB window is created a menu asking the 
name of the database to be dealt with is presented. Designing the actions on 
manipulating the database is not the concern of this thesis. 

Help option box, on the top level menu, represents the windows that give 
information about defining and manipulating the database. When the Help 
option box. on the top ies menu, is selected with the mouse and right most 
button is clicked. the top level menu goes away and another menu containing the 
options DB Definition and DB Manipulation is presented. This gives the user the 
Opportunity to learn how DB is created and manipulated. If the user wants 
information about defining a database. he puts the mouse in the DB Definition 
option box and clicks the right most button. This creates the window that will be 
filled out with the information about defining a database. Pop up menu with an 
Ezit option is always available to exit the window and go back to Help menu. 
The other window DB Manipulation will also be filled out with information about 
Manipulating the database. There is also QUIT option to go back to top level 
menu. 

The windows .describing the actions. can be put to the corners of the screen 
so they can be read in case information is needed. However, for a sophisticated 
user. there might be no need to review. Therefore, these windows might be 
reviewed or not depending on the knowledge level of the user on dealing with the 
database. 
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The last option box on the top level menu is.-QUIT. When this box is 
selected and the right most button is clicked. all the windows associated with the 
graphical database management system are killed. Killing a window also kills all 
the windows associated with the program. After killing the window. user either 


gets to desktop or to the other windows crea-ed before the killed window. 


B. HOW TO CREATE THE DEFINITION WINDOW 

@hce the user decides to define a database. he puts the mouse in Define DB 
option box. on the top level menu. and clicks the right most button. This creates 
the Define DB window. which is going to be used to draw the diagram 
representing the database schema. When the user gets the window. he is ready to 
start creating the database schema. Only mouse is used to do this. Window 
consists of three sections : the section that the type options are presented which is 
on the upper left area of the window. the section that mode options are presented 
which is in the upper right area of th window and the section that the diagram is 
drawn. which I call schema design area. Type options presents the types of the 
objects and relations to be created. Mode options presents the actions to create 
and edit them. 

A diagram, representing the concepts mentioned in Chapter 4, consists of five 
components. The components are presented on the upper left corner of the 
window. which I call the type option bozes. The components of the diagram and 


what they represent is shown in Figurel. 
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When Define DB window is first opened. a menu asks the user to enter the 
name of the database to be defined. Diagram is saved under this name. This 
diagram can be also called by the manipulation part with this narne. Diagrams 
also could be represented with icons. By giving a meaningful shape, each icon can 
represent a diagram without giving a specific name to it. Benefit of using icons 
instead of names is not to have to remember the names of the databases. 

The mode options, on he upper right area of the window, gives the user the 
capability to draw and edit the diagram. Modes can be selected by clicking the 
left most button. Each time a mode is selected, the box that represents the mode 
is highhghted. Mode options consists of four components: Drau, Move, and 
Delete. Draw mode is used for creating the aggregate and generalized objects and 
creating the links between the objects. This mode is also used to draw the names 
of the objects. Afove mode is used to move the object in the schema design area. 
By moving the objects. they can be put to the appropriate places in the diagram. 
Delete mode is used for deleting an object. The mode option boxes is shown in 


Figure 2. 





Figure 2 
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@eeHOwW PTO DRAW THE DIAGRAM 

When Define DB window is presented the default mode is Drau mode. 
because there is nothing created on the schema design area. User has a choice to 
begin with either aggregate objects or generalized objects. If he chooses to create 
an aggregate object. he selects the type option Object and clicks the left most 
button. This brings a menu that asks the name of the object and the relations 
existing with other objects. The menu is sent by pushing the middle button and 
letting the go command run. 

After this menu is sent. another menu is presented that asks the attributes of 
the object. After the attributes of the object is received. user is ready to create 
his object by eine the rectangle. To do this. user puts the mouse in the 
schema design area and pushes the left’most button which will be the upper left 
corner of the rectangle. With the movement of the mouse a rectangle is created as 
being the last position of the mouse is the lower right corner of the rectangle. 
When the mouse is released a rectangle created and the name of the object is 
drawn in it. 

To represent that the objects have a disjunctive relation. user has to touch 
the box. in which there is a circle. before drawing his rectangle. If circle box has 
been touched. the rectangle comes with a circle in it. 

In order to create a generalized object. user puts the mouse in type option 
GENOBJ box and clicks the left most button. This prompts a menu asking the 
names of the objects. comprising the generalized object and the name of the 
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objects which the object has a relation. Also the circle box can be touched to put 
a circle inside the box to represent a disjunctive relation. 

After all the objects in ihe schema have been created, they can be put 
anywhere in the schema design area, by selecting the Move mode. An object can 
be moved by selecting the object with mouse and pushing the left most button. 
By moving the mouse. object is also moved to the place which is appropriate in 
the schema. By releasing the button. object is set to the new position in the 
diagram. All the objects can be put to the appropriate places in the schema with 
this method. 

Before creating the relations, if there is, the objects with wrong names. or 
unwanted awieee can be deleted in Delete mode. To delete an object. user aie 
the mouse in the rectangle. representing the object to be deleted and clicks the 
left most button. This erases the rectangle(object). 

After the objects have been put to the appropriate positions in the diagram. 
we can go back to Draw mode and create the links representing the relations 
between objects. 

To draw a solid line between rectangles(objects), which represents and 
association between them. line box is selected with left most button. Now. user is 
ready to draw the lines and link the associated objects. There is only one action 
required to draw the lines. It is to put the mouse in the drawing area and click 


the left most button. This creates the links with respect to the relations that 
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objects have. (Relations of the objects have been entered before. while creating 
the objects.) 

The dashed lines. which represents an association between objects when one 
or both associated objects are specialized objects, can be drawn with the same 
method above. Since there is no library function to draw dashed lines, it is also 
represented with solid lines. This can be later modified with dashed lines. 

Define DB window also oe a pop-up menu. Pop-up menu consists of 
two components: Clear and Ezit. Clear command erases everything in the schema 


design area. Exit command is used to exit the window by saving the schema 


drawn in the schema Fes oi area. Before exiting the window a menu is presented 
reminding the user that he diagram has been saved with the name which was first 
put when entering the window. This a also asks whether user wants to 
continue his actions to add more objects or edit the objects. If user wants to go 
back to the schema, he can get his diagram back by clicking the yes option in the 


menu. With no option he can go back to the top level menu by exiting the 


Define DB window. 


D. IMPLEMENTATION 

First of all I would like to explain what modules do, what kind of actions they 
correspond in the process of using the system and what kind of relation exist 
between them. I would like to also explain the library functions in sequence of 


their appearance in the modules, correspondingly in the entire program. 
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As it is shown in Figure3. main program calls four functions. Namely. 
Defwindow. Manipwindow. Help. Quit. Function Defuindow handles the opening 
of the Define DB window and the creation of the database schema on this 
window. Manipwindow only opens a blank window to represent the window 
Manipulate DB. Function Help first introduces the help menu and then creates 
the windows. that explain the required actions to deal with this graphical 
database management system. Quit is the function that erases all the windows 


associated with the program. 
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E: HOW PO eh bs Sie eae 

The library function Present\f[enu(menu.answers) presents all the menus in 
the program. Present.\Menu displays a Pop-up menu described by the structure 
pointed to by menu, interacting with the user to obtain a result. The initial state 
of the menu is defined by the array of pointers answers. "Answer", 
"Attr answer". "Top Answer" are the examples in the program. 

A menu is defined as a sequence of questions, each question consisting of 
various choices. The data structure representing a menu is a tree of structures. 
At the root of the tree there is a single struct menu structure that consist of three 
components: label, size. question. label is a pointer to a string that is used as the 
title of the menu. Welcome to DB world. Help. DB Name. OBJ ENTRY, 
GENOBJ ENTRY, Attributes are the examples used in the program. The title of 
the meniti is centered in the title bar of the menu window. 

Size indicates the number of questions in the menu. In the program there are 
different types of menus asking different number of questions. The top menu has 
only one question consisting of four choices. The Help menu also asks one 
question consisting of three choices. db name enter menu which asks the name of 
the database to be dealt with. has only one question. The menu 
dbname save menu asks two questions: One is the name of the DB to be dealt 
with and the other one is the question that prompts whether the user wants to 
continue to perform. The menu object entry asks six question. The first one is 
the name of the object and the rest is the names of the object that this particular 
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object has a relation. The menu genovj menu asks ¢ questions: the first one is the 
name of the database. the next three question are the names of the relations and 
the rest is the names of the subobjects. The menu attribute menu asks 6 
questions that are the names of the attributes of an object. 

Questions appear in dee menu in the order in which they appear in the array. 
A question structure has four components: type, label. size, choices. type is the 
type of the question being used in the program. They are SELECT, STRING and 
TOGGLE. SELECT question is one in which the choices are mutually exclusive. 
exactly one of the possible choices may be selected by the user at any time. A 
STRING question is one in which the result is a string of text entered by the user. 
Type TOGGLE has not been used in the program. 

label is a pointer to a string which will appear beside the question. Size 
indicates the number of choices in the question: (For example. the question 
top entry has 4 choices.) Or in the case of string questions. the maximum length 
of the string result. 

Choice structure has three components: type, label, and shade. type is the 
type of the choice which is only label. label is a pointer to a string which will 
appear in the choice. This is the string at which users point to make a selection. 
shade indicates the background color of the box representing the choice. 

For each question the corresponding pointer on arrays points to the default 
value for the question and, on return, to the result given by the user. For a select 
question the pointer is to an integer whose value is the position of the selected 
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choice in the choice array for the question. For a string question. the pointer is to 
an array of characters representing the string. 

The first menu is the top level menu. The name of the menu is top menu. 
The title of the menu is "Welcome to DB world. There is only one question to be 
asked, which is one element array with name top entry. The type of the question 
is SELECT. "Please enter" appears to the left of the question. There are 4 
choices to be selected and ‘he array top choices includes those four choices. The 
type of each choice is LABEL. the titles of the choices are the ones mentioned in 
the top level menu. and the color of the background is white, which is indicated 
with VT White. 

Each choice in the menu corresponds to an integer from 0 to 3. The answers 
taken from the menu is held in a variable. The main program continues working 
until this variable becomes 3 which corresponds to function Quzt. In case the 
variable is zero Defuwindow is operated. The window opened first is used as a 
Define DB window by changing its title. 

Library function Set WindowTitle(fd.title) handles the problem of changing 
the title of the window. The way this function is used as _ follows: 
SetWindowTitle changes the title of the window associated with a specific file 
descriptor to the null terminated string pointed to bv title . Title may have at 
most 31 non null characters which are always painted in a standard title font and 
are automatically centered in the title bar of the window. The next usages of this 


window follows the same concept. 


There is another window opened with title OEM. which is used to enter 
the data for the database. This window is opened at the same time that the 
Define DB window is opened. The way the rest of the windows are opened in the 
program is as follows. 

Open window(z,y,w,h.title) opens a window on the desktop. z indicates the x 
coordinate . y indicates the y coordinate of the window's upper left corner. h 
indicates the height and w aereates the width of the window, title "DATA" is the 
title of the window. 

If the window already exists, by changing the window depth, existing window 
is reused. The library function Change WindowDepth(fd, window,depth) is used for 
this purpose. 

Change WindowDepth changes the depth of the window according to its file 
descriptor to the depth given by the user. The number of the windows opened is 
always counted. Variable dcount counts the number of the windows that will be 
used recalling the windows. Zero depth of the window indicates that the window 
is the one currently being interacted. When the interaction is comlete the window 
can be put to the lowest levelof the windows, next window after it comes to the 
view and interaction is done with this window. By changing the window depths. 
every window that has been opened before can be reused. This method is 
followed in the entire program. 

Function Defwindow also utilizes library function "PresentMenu" to ask the 
name of the database. The answer is saved in an array. Defwindow calls three 
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functions: Initialize. TouchBores. Finish which perform the actions in definition 
window. Each function will be detailed later in this chapter. When exiting the 
window. another menu prompting the name of the database and with the 
question asking whether to continue, is presented. The answer concerning to 
continue is kept in a variable con. Define DB window stays active until no 


answer has been received from the menu. 


F. MANIPULATION WINDOW 

Function Manitpwindow does not call any function. Since it is only an 
initiative to DB manipulation, by using the library functions, it creates a blank 
window that will be used by the manipulation part. This window also uses menus 
concerning the name of the database to be dealt with and to save the diagram 
created for the database schema and whether to continue the actions in the 


window. Window stays active until Ezit command has been received from the 


pop up menu. 


G. HELP WINDOWS 

Function Help calls two functions: Help1 and Help2. Helpi is used for 
opening the window containing the information about how to define the database 
and Help2 is used for opening the window about the manipulation of the 
database. These two windows are also blank windows to be filled out later with 


the information. Since the goal of this study is to use a window for the creation 
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of the database schema there has not been paid to much attention to these Help 


windows. 


H. DESIGN OF THE DEFINITION WINDOW 

Initialization of the window in done by function Initialize. Refresh, 
RefreshBozes and Background are called bv this function. Refresh is called as a 
parameter to a library function SetRefresh. Function Refresh also calls 
BackGround and RefreshBozres. What Background and RefreshBozes do will be 
explained later. 

There are two types of line disciplines: NTTYDISC and TWSDISC. First 
one is a default line discipline. Second one is is the one for window graphics 
discipline. Function Jnitralize sets the line discipline to TWSDICS. 

Another library function SetMouseMode sets the mouse mode for mouse input 
to VT MOUSE DOWN. meaning input is taken when mouse is pressed. 


Thickness of all lines are initialized to BOX LINE. That means. all lines 


drawn on the window will have two pixel long width. 


I BACKGROUND OF THE DEFINITION WINDOW 

Background is the function that puts every detail on the window that enables 
user to use the window. The schema design area. mode .boxes that represents the 
actions and type boxes representing objects(rectangles) and lines(associations) are 


put by this function. 
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There are some main tools that Background use. The first important one is 
current position pointer. Current position pointer points to any point on the 
window. To draw a rectangle border. to paint a rectangle. to draw a line. to 
paint a string is done first putting this pointer to the upper left corner of the 
candidate object and then doing the action. The library function to put the 
current position pointer to a certain place is SetPosition. Second important tool 
is the CurrentColor. The fen color can be set to VT WHITE or VT BLACK 
or between white and black specifying the numbers corresponding to different 
tones of color gray. 

By setting the color to a specific color and by putting the current position 
pointer to a certain point. a rectangle border can be drawn by library function 
PaintRectangle Border, a rectangle interior can be painted by 
PaintRéétangleInterior, a line can be drawn by PaintLine. a string can be painted 
by PaintString. Tool SetJustification centers the string relative to current 
position pointer. 

Another library function InvertRegion is used for highlighting a specific 
region. To indicate that current mode and type, the white areas are inverted to 
black and black areas are inverted to white in the box. Every time one of the 
boxes is touched the box is inverted to.indicate the current action being 
performed. 

Refresh Routine. called by library function SetRefresh, gets the current 
permanent clipping bounds of the window. Clipping bounds means that any 
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object or part of an object drawn outside of this area is not displayed. First time 
window is opened clipping bounds covers the entire window. This clipping 
bounds can be set to a specific area of the window. 

Library function GetPermanentClipping gets x and y coordinates and the 
width and height of the window so when function Background is called. the 
current position pointer is set to the upper left corner of the window. meaning 
that x and y coordinates are set to zero. Upper left corner of the window is used 
as a reference point when using the rest of the window. instead the upper left 
corner of the screen. 

Refresh Routine calls function Background and. RefreshBores. What 


Background does was explained before. What RefreshBozes does as follows. 


a8 UPDATE THE RECTANGLES 

RefreshBozes gets the current permanent clipping bounds and restricts this 
area to the schema design area. This way the only area which can be drawn is 
the schema design are. First. the area is painted to white and then. if there ice 
the rectangles are drawn. 

The features of Rectangles drawn in this area is kept in an array of records 
called as "rectangle". x,y coordinates and width and height of the rectangle, the 
name of the rectangle. the relation names of this rectangle. if it is a genobj. the 


subobject names of the rectangle are kept in this structure. Also whether it has 
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got a circle. representing disjunctive relation. in 1t and whether it is a rectangle 
representing a generalized object. is kept in this structure. 
Every time RefreshBozes is called the rectangles featuring the information on 


objects are drawn on the schema design area, one by one, until the rectangles are 


finished. 


K. USE OF THE MOUSE FO CREATE AN OBJECT 

What TouchBozes does is to get the input from the mouse and do the 
appropriate action. In case the right most button is pressed and released it redoes 
the last action performed. 

If left most button is pushed, the actions are different depending on the place 
of the mouse. The information about where mouse is put is received by function 
UseableCoordinates. If the mouse is in the schema design area it does the action 
depending on which mode is being used. If Draw mode is being used. a rectangle 
can be drawn: if mode is being used. a rectangle can be moved to another place in 
the schema design area: if Delete mode is being used, it deletes the existing 
rectangle pointed by the mouse. 

In case the Draw mode is selected. 4 types of action can be done depending on 
current type. If current type is OBJ TYPE, meaning that OBJECT box is 
selected, then function Drau ‘oz is called which draws a box in the schema design 


area. In case GEN OBJ type. the same action is done. But function DrawBorz 


separates objects and generalized object depending on the boolean variable 
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genbool. In Drauw mode. the lines and dashed lines can also be drawn. If the 
circlebox is touched. boolean circbool. in the structure rectangle. becomes TRUE 
and the rectangle is drawn with a circle in it. 

In case the middle mouse is pushed, a pop up menu appears by library 
function DisplayPopup, it gives the capability to the user to exit the window or to 
clear the schema design area. If the clear commana is chosen the action is to 
paint the drawing area to white. if ezzt command is chosen, then action is to exit 


the window and save the diagram. 


L. DRAW A REGULAR OR NESTED RECTANGLE 

Functions DrawRectangle and DrawRectangle2 are called by functions 
RefreshBozes, DrawBoz, and MoveBor. As I explained above. RefreshBozes 
draws all the rectangles in the array of records "rectangle" by calling these two 
functions. If the rectangle represents an aggregate object, then DrawRectangle is 
called, or if it 1s a generalized object, then DrawRectangle2 is called. Both 
functions take one rectangle at a time and draw the rectangle depending on the 
information it contains. For example. if the czrcboolis TRUE than rectangle is 
drawn with a circle in it. 

At the time when DrawBoz is called by TouchBozes. to draw the boxes. 


function DrawBor calls these functions. above. by sending the a record with every 


information in it. If MoveBozcalls these two functions. the structure element 
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which is being moved. is sent to these functions for the next place of the 


rectangle. 


M. DETERMINE WHERE CURRENTLY THE MOUSE IS 

Function UseableCoordinates determines where currently the mouse is. If it is 
the schema design area, then drawing, moving, or deleting can be done. If it is in 
the type bores area. then it sets the SE to OBJECT. GENOBJ. DiNiges 
DASHEDLINE by inverting their boxes. If the mouse is inside the circle box then 
it sets the boolean variable of the record to TRUE so when drawing the rectangle 
it draws with a circle in it. If it is put inside the mode boxes, it sets the mode to 


one of three modes. and inverts its box. 


N. IDENTIFY A RECTANGLE(OBJECT) 

Function IdentifyBoz is called by functions VoveBor and DeleteBoz. When 
moving or deleting the box, the mouse is put into the rectangle which is to be 
moved or deleted. What IdenttfyBoz does is that it identifies which record of the 


structure "rectangle" that the rectangle is. and returns the ID # of the record. 


O. MOVE A RECTANGLE(OBJECT) 
Function MoveBor gets the ID = of the rectangle to be moved and tracks the 
action of the mouse. When the mouse is released the data about the new place of 


the rectangle is put as a last record of the array and the previous information is 
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deleted. By calling RefreshBoxes. the arrav of records "rectangle" is redrawn with 
: 2 ; S 


the new changes in It. 


P. DELETE A RECTANGLE(OBJECT) 

Function DeleteBoz also calls IdentifyBoz to get the ID # of the rectangle to 
be deleted. And deletes the rectangle. The number of rectangles is decreased by 
one. By calling RefreshBozes the place of the rectangle that is already deleted is 


painted to white and the entire array is redrawn. 


Q. CREATE A RECTANGLE(OBJECT) 

When ‘function DrawBoz 1s called, first. the number of the rectangles is 
increased then the x and y coordinates of the mouse is put to record’s x and y 
coordinates. The data about the name of the rectangle(object). relations of the 
object and. if there is. subobjects of the see taken from the menu are put into 
the last element added to the array. If the right most button is pushed. then last 
element of the array will be redrawn. The width and the height of the last 
element is put to the added elements width and height part. If the left most 
button is pushed and the mouse is moved while it is being pushed, library 
function TrackRubberBoz tracks the lower right corner of the rectangle. returning 
the width and the height of the new rectangle. 

The movement of the mouse is considered positive from left to right and from 
up to down. If the rectangle is moved opposite to those above. then some 
arrangement is done concerning to change the negative values. 
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R. LINK ASSOCIATED OBJECTS WITH SOLp re. 

Function Drawlines takes the first record of the array and compares the 
relation names of this record with the rest of the object names. If there is a match 
it calls the function Draw to draw a line between them by sending the ID #'s of 
the matched elements and then takes the next element and continues until the 


elements of the array finishes. 


S. LINK ASSOCIATED OBJECTS WITH DASHED LINES 

Since the dashed lines in the schema represent a relation between an object 
and a subobject of an general object it compares the names of the relations and 
the names of the subobjects and calls the same function Draw to draw a solid line. 
Because there is no library function to draw a dashed line. 

Function Draw takes the ID #’s of two object, which there is a relation 
between them. and draws a line between them depending on the position of two 
rectangles. If a rectangle is below the other rectangle, it draws a line from the 
middle of the bottom line to the middle of the upper line of the other rectangle. 


If they are almost the same level, it draws a line from right side of one rectangle 


to the left side of the other rectangle. 


VI. CONCLUDING REMARKS 


The entire thesis has been designated to the implementation of GLAD’s data 
definition language. The program that is capable of having the user define a 
database schema. has been coded in programming language C. The system that 
the implementation was achieved on has a C language graphics library. This 
library enabled us to write the program and utilize the graphics capability of the 
system. 

Implementation of the program has been explained in Chapter 5. The usage 
of the library functions and some of the important points of the library functions 
have been explained, as well. The entire library can be found in the manual of 
"isiv". This manual provides information on how to use the system. how to write 
graphics programs by using the library functions. This manual also provides some 
example programs that show how the library functions can be used to write 
graphics programs. 

Chapter 1 explains the major components of a database management system 
which they are data definition language and data manipulation language. Some 
query languages have been used for this purpose. These languages brought some 
problems with them. The difficulties using these languages forced researchers to 


take advantage of the new graphics capabilities of the computers. Chapter 2 
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explains the difficulties in using the query languages and prior researches to 
overcome those difficulties. 

GLAD’s approach to the issue is to use a diagram representing the database 
schema as an interface to the database. Over the past years. database schema has 
been used to explain the database concepts. But. it has not been used in 
accessing the databases. By visualizing the database concepts. user can 
understand the underlving a. of the database. 

Implementation of the GLAD’s data definition language can be considered as 
a prototype. It is not complete, in terms of representing the entire data definition 
language. But. it gives an idea. how computer graphics can be utilized to access 


the database, specifically to define a database. When it is complete. I believe. it 


will be rather useful to the database users. 


44 


APPENDIX _- PROGRAM LISTING 


/* this program is written for the data definition language 
of GLAD(Graphical Language in Accessing Data bases}.* / 

#include <vt.h> 

+#include <tools.h> 

#include <bitmap.h> 


#define MAX RECTANGLE 100 /* max rect.(objects) in the schema area */ 
#define SPACE 10 


#define BOX LINE 2 /* max width of all the lines */ 

#define BOX WIDTH 50 

#define BOX HEIGHT 50 

#define NTYPES 4 

#define TYPE BOX X SPACE /* x coord. of type boxes */ 

#define TYPE BOX Y SPACE /* y coord. of type boxes */ 

/* width and height of the type boxes mh 

#define TYPE BOX W (NTYPES*2*BOX WIDTH) 

#define TYPE BOX H BOX HEIGHT 

/* x and y coordinates of the circle box */ 

#define CIRC BOX X (TYPE BOX X+TYPE BOX W_ + SPACE) 

#define CIRC BOX Y SPACE 

#define CIRC BOX Ww BOX WIDTH /* width of the circle box */ 

#define CIRC BOX H BOX HEIGHT /* height of the circle box */ 

#define OBJECT TYPE 4 

#define GENOBJ TYPE 5 

#define LINE TYPE 6 

#define DOTLINE TYPE i 

#define NMODE 3 

/* x and v coordinates of the mode boxes * / 

#define MODE BOX X (i es OX ee TYP EeBOx W-+ 100 
+BOX _WIDTH) 

#¢define MODE BOX Y SPACE 

/* width and height of the mode boxes */ 

#define MODE BOX W (NMODE*2*BOX WIDTH) 

#define MODE BOX H BOX HEIGHT | 
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=define DRAW MODE 0 
=define MOVE MODE l 
=define DELETE MODE 2 


/* x and y coordinates of the schema design area */ 
#define DRAW BOX X (1lYPE pO) 
#define DRAW BOX Y (TYPE BOX Y+TYPE BOX Ho sPAGm 


struct wstate istate: /* for the current state of the window */ 
struct vtseq input; /* for the input being received from the mouse */ 


struct rectangle { /* for the data on the rectangles(objects) */— 
short x; /* x coord..of the rectangle(object) */ 
SJitepys oe /* y coord. of the rectangle(object) */ 
short w: /* width of the rectangle(object) */ 
short h; /* height of the rectangle(object) */ 


char name({20]; /* name of the object written in the rectangle * / 
/* relation names of the object */ 

char rel1{20]; 

char rel2/20]: 

char rel3[20}: 

char subobj1[20]: /* subobject names of the object,if the object” / 


char subobj2(20]; /* is an generalized object. a 
char subobj3[20]; 
“bool genbool: /* TRUE for a generalized object ga 


bool circbool; /* TRUE for a rectangle with circle in it */ 
} dlist[MAX RECTANGLE]; /* array of rectangles(objects) */ 


/* for the width and height of the drawing area depending on 
the size of the window */ 
short DRAW BOX W.DRAW BOX UH: 
short npoints =-}: a keeps track of the number of rectangles | 
short current mode = DRAW MODE: 
short current type = OBJECT TYPE: 
short repeat = 0; /* for a rectangle to be redrawn */ 


/* top level menu that appears when first DB window created and after 
finishing to use one of the top level windows. */ 

/* this is an array choices. each element of the arrav having three components: 
type of the choice which they are LABEL:label of the choice which appears 
in the box and background color of the choice which they are all VT White, 
meaning that the background color of the labels are white. my 

struct choice top choices|| = { 
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{LABEL. " Define DB". VT White}. 


{LABEL. " ManipulateDB".- WT White}. 
eS Dia oe HELP sk VT White}. 
JOE 1S) Oe OE) | te MS VT White} }: 


/* this is an array of questions.each element having four components : 
type of the question is SELECT .meaning that exactly one of the possible 
choices may be selected by the user at any time.second component is the 
label of the question. there are 4 choices to present and the name of 
the array of the choices is the last one 7 

struct question top entry|| = { 

PSEC "Please Enter", 4. top choices} 

}: 


/* this structure consists of three components : title of the menu window, 
1 questions to be asked and the name of the array of the questions. zal 
struct menu top menu = { 
"Welcome to DB World", 1, top entry 
F 


/* this is an array of choices for the question help entry.each element of the 
array having three components: type of the choice which they are LABEL,the 


title of the choice.and the background color of the choice. an 
struct choice help choices] = { 
{LABEL, "DB definition", | VT White}. 
{LABEL, "DB manipulation". VT White}. 
Seabee, we QUIT". Vinita; 


}: 


/* this is an array of questions for help menu.this array has only one element 
in it and this element has three components: type of the question(SELECT), 
label of the question.number of the choices(3).and the name of the array 
of the choices. | 

struct question help entry|| = { 

{SELECT. "Description ", 3. help choices} 
hs 


/* this structure has three components : title of the menu window, 


1 questions to be asked and the name of the arrav of the questions. i) 
struct menu help menu = { 
alia bee 1, help entry 


ie 


/’ this is an array of questions for the menu "dbname enter menu".it has only 
one element in it and this element consists of four components : the first 
component STRING is the type of the choice which is a question in which 
the result is a string of text entered by the user.second one is the label 
for the string.25 indicates the max. number of letters alloved for the 
string also O indicates that there is not an array of choices for string. * / 


struct question name enter|] = { 
{STRING. "Please Enter Your DB Name", 25.0}. 


/* this menu asks the name of the data base.it has three components:the title 
of the window is "DB Name".there is only one question to be asked.the name 
of the array of the questions is name enter. 

struct menu dbname enter menu = { 


"DB Name", Le wainiementer 
ie 
/* this is an array of choices for the second question of base name */ 
struct choice cont choices|| = { | 

{LABEL, "yes". VT_ White}. 

{LAB Eno. i VT White} 


/* this is an array of the questions for menu "dbname save menu".first element 
is a string holding the name of the data base entered by the user when menu 
"dbname enter menu" was presented.it has four components:STRING.,type of 
the question:label of the question:25,max number of letters in the string: 
O.indicating that there is not an array questions for the string. 
second element of the array has four components : SELECT,type of the 
question:label of the question:2.number of the choices and the name 
of the array of the choices. ey 

struct question base name] = { 

{STRING, "Your DB is saved with name",25.0}, 
{SELECT} “Contimuic 7 72 cont choices} 


ie 


/* this structure has three components: the title of the menu window is 
"DB name":there are 2 questions to be asked and the array of questions */ 
struct menu dbname save menu = { 
"DB name". 2. base name 
}: 
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/* this is an array of questions for the menu "object entry".first element of 
the array asks the name of the object.the rest of the array ask the names 
of the other object that this object has a relation.the first components 
are the type of question tobe asked.second ones are the labels for questions 
20 is the max number of letters in the string. ay 

struct question obj entry{] = { 

{STRING, "Enter Your Object Name", 20, 0}. 
{STRING. "Enter The Relations ". 20. 0}. 


{STRING, " "20. O}. 
{STRING. " "20. O}. 
{STRING, " "90. O}. 
{STRING. " : "20. 0} 


oa: 


/* this menu has three components : "OBJECT ENTRY" is the title of the 


menu window.there are 6 questions to be asked.the array which is 


holding the questions is obj entry. “y xf 
struct menu object entry = { 
LOBIECT ENTRY". 6, obj entry 


iE 


/* this is an array of questions for the menu "genobj menu".first question asks 
the name of the general object.from second to fourth ask the name of the 
other object that this object has relation.the rest of the questions are 
the subobject names of the general object. */ 

struct question genobj entry|| = { 

{STRING, "Enter Gen. Object name", 20, 0}. 
{STRING. "Enter The Relations", 20.0}. 


{STRING, " "20. 0}, 
{STRING, " "90. O}. 
{STRING, "Enter Sub Objects ". 20. 0}. 
{STRING, " e100) S 
{STRING, " "20. 0} 


Ie 


/* this structure presents a menu for a general object. first component of the 
menu is the title of the menu window. second one is the number questions 
appearing in the menu. third one is the array holding the questions * / 

struct menu genobj menu = { 


"GENOBJ ENTRY", 7, genobj entry 
le | 
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‘* this is an array of questions for the menu "attribute memu". questions 


ask the attributes of an aggregate object. ° / 


struct question attrib entry|) = { 
{STRING. "Enter The Attributes ". 20. 0}. 
{STRING pee 205 10): 
{STRING, " hee Oe Ol 
{STRING, " ue ZOO 
{STRING, " "20, 0}. 
eel eel ENG Se "2050 


Le 


/* this structure presents a menu for the attributes of an aggregate 
object. the name of the menu window is "ATTRIBUTES" there are 6 attribute 
names to be asked and the questions is being held in the array 
attrib entry */ 

struct menu attribute menu = { 


"ATTRIBUTES", 6, attrib entry 
Me 


int top 0: /* variable holding top level answer:initialized to 
zero indicating that the first one of the 
choices(DB Definition) is the default ‘choice */ 
int help = 0; /* variable holding the answer from help menu; 
= initialized to zero indicating that the first one of 


the choices(Describe DB def.) is the default choice*/ 


int con = 0; /* variable holding the answer from dbname save menu: 
initialized to zero indicating that the first 
one of the choices(yes) is the default choice */ 
char name|25] =" "- /* variable holding the name of the data base */ 
char dummy/{25! =" ":/* variable to clear the name in the 
array "name" * / 
int ‘top answer({] = {&top}; /* answer from the top level menu */ 
int “help answer({] = {&help}: /* answer from the help menu */ 
int ‘dbname answer|] = {(int :name,&con}; /* take the name of the data */ 


/* base and answer as to continue to deal with it */ 


char objname{20|/= ""; 
char ans1{20| =""; 
char ans2(20] a 
char ans3/20] 
char ans4/20] 


—- 
~- 
— 
~- 


—_/- 
= 
— 
— 


20 


char 
char 
char 
char 
char 
char 


char 
char 
char 
char 
char 
char 


ansd 20. 
ans6/20) 
ans7|20| 
ans8/20| 
ans9|20| 
ans10(20| 


I 


eeethiatte 


att1/20] = " 
att2/20] =" 
att3(20| = " 
att4{20| = " 
att5/20] = " 
att6[20| = " 


/[* holds the object name. the relation names and the subobject names of 
a general object. */ 


int 


is 


*answer|| = 


{ 


(int*)objname,(int*)ans1,(int*)ans2. 


int* jan 


int* 


(int* )ans3. 
(int*)ans6, 
(int”) 


ansQ, 


(int™ )ans4.(int*)ans5, 
(int* )ans7,(int*)ans8, 
(int*)ans10 


/* holds the attirbute names of an aggregate object */ 
“attr answer(| = { 
(int*)attl,(int*)att2,(int*)att3, 
(int* )att4,(int*)att5,(int*)att6 


int 


int 
int 
int 
int 
int 
int 
int 
bool 
bool 
short 
short 
short 
short 


fd; 
——ee 
count: 
dcount: 
mcount;: 
hlcount: 
h2count; 
boolcire 


/* window number of the definition window */ 


/* window number of the manipulation window */ 
/* window number of the describe definition window */ 
/* window number of the describe manipulation window */ 


FALSE; /* whether the circle box has been touched */ 


touchboo!l = FALSE: 


option; 
defwinum 


manwinum 
helpdefnum = 0; /* to find out if describe defin. window exists */ 


/* for the pop-up menu */ 
= 0; /* to find out if definition window already exists */ 
= 0; /* to find out if manip. window already exists */ 


ol 


short helpmannum = 0: /* to find out if describe manip. window exists * / 
short blackobj = 0: /” to invert one of the type boxes * / 
main({) 


{ 


count. =: 


/* continue until variable top becomes 3.representing "Quit" */ 
while (top != 3) { 


/* present the top level menu and get the answer */ 
PresentMenu(&top menu.top answer): 


/* if the answer.from the menu,is "DB Definition" */ 
if (top == 0) { 


/* change the window title to "DB Definition" */ 
Set WindowTitle(f."DB Definition"); 


if (defwinum == 0) { 


/* open a window for the data entry */ 
Open Window(550.600,678.332."DATA "); 


count = count + 1: 
dcount = count: 
Defwindow(): 

\ endak 


else { 
/* get the "DB Definition" window by changing the window depth */ 
ChangeWindow Depth(f,dcount.0): 
Defwindow(); 

} /* end else */ 


} /* end if */ 


/* if the answer.from the menu,is "DB Manipulation" */ 
if (top == 1) { 


/* if "DB Manipulation" window does not exist yet then open the 
window and call the manipwindow */ 

if (manwinum == 0) { 
Open Window(118,117,878.432,"DB Manipulation"); 
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count = count — lL: 
mcount = count: 
Manipwindow(): 


} /* end if */ | 


/* if the "DB Manipulation" window already exists then get the 
window by changing the window depth. mal 
else { 
ChangeWindowDeptii(f.mcount.0); 
Manipwindow(): 
} /* end else */ 


} 


/* if the "Help" option is selected */ 
if (top == 2) 


Helpwindow(); 
} /* end while */ 


Quit(): 
} /* end main */ 


Quit() 


Get W indowState(f.&istate); 

ide |: 

Set WindowState(f,&istate); 
} /* end function */ 


Defwindow() 
/* this function is about "DB Defintion" window */ 


{ 


/* get the current state of the window */ 
Get W indowState(f,&istate); 


defwinum = defwinum ¢+ 1; 
/* ask the name of the data base and get the answer */ 
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PresentMenu(&dbname enter menu.dbname answer): 


/* continue until "no" answer has been received * / 
while (con '= 1 ) { 


/* initializa the window */ 
Initialize(); 


/* do the actual creation of the data base schema */ 


TouchBoxes(); 


/* close the window */- 


Finish(): 


/* present the name of the data base and ask whether to continue * / 
PresentMenu(&dbname save menu.dbname answer): 


Set WindowTitle(f."DATABASE"): 
} /* end while */ 


/* if "no" answer is received then change the window depth */ 
if (con == 1) { 

Change WindowDepth(f,2.0): 

con = Q; 


\ oj rend aie 
/* clear the data base name in the array "name" for another entry */ 


copy(dummy.name): 
} /* end function */ 


Manipwindow() 
/* this function handles the "DB Manipulation" window.only a blank window is 
created for the completeness of the GLAD */ 


manwinum = manwinum + 1; 


/* get the current state of the window */ 
Get W indowState(f.&istate); 


/* ask the name of the data base and get the answer */ 


o4 


PresentMenu(&dbname enter menu.dbname answer): 
option = -L: 


! ! 


/* continue until "exit" command is received or "no" option is selected * / 


do 
{ 


option = DisplayPopUp(1,"menu EXIT SAVE ")-1; 


/* if "exit"command is received from the pop-up menu */ 
if (option == 0) { 

Change WindowDepth(f.2,0); 
} | 


/* if "save"command" is received from the pop-up menu.then present 
the name of the data base currently being dealt with and get 
the answer as to continue to work ”* / 

else if (option == 1) { 
PresentMenu(&dbname save menu.dbname answer): 

} 


} 


while (con != 1 && option != 0); 


/* of "no" answer is received then change the window depth */ 


if (con == 1) { 
Change WindowDepth(f,2.0): 
con = 0: 


\ /* end if */ 


/* clear the data base name in the array "name" for another entry */ 
copy(dummy.name); 
} /* end function */ 


Helpwindow() 


{ 


/* ask what kind of information the user wants and get the answer */ 
PresentMenu(éhelp menu.help answer): 


/* continue until "Quit" option is received. */ 
while (help != 2 ) { 
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/* if "Describe DB Defintion" is selected * / 
if (help ==0 ) { 


/* if the window does not exist yet.then open the window */ 
if (helpdefnum == 0) { 
Open Window(118,117.878,432."DESCRIBE DB DEFINITION"); 


count = count + 1; 
hicount — count 
Help1(): 


} /* end if */ 


/* if the window already exists.the change the window depth and 
get the window */ 
else { 
ChangeWindowDepth(f.hlcount.0): 
Help1(); 
} /* end else */ 
} /* end if */ 


/* if "Describe DB manipulation " is selected */ 
else if (help == 1) { 


/* if the window does not exist yet,then open the window */ 

if (helpmannum == 0) { 

Open Window(118,117.878,432,"DESCRIBE DB MANIPULATION"); 
count = count + 1; 
h2count = count; 
Help2(); 

i end it *7/ 


/* if the window already exists,the change the window depth and 
get the window */ 

else { 
Change Window Depth(f,h2count,0): 
Help2(); 

} /* end else */ 


} /* end else */ 
} /* end while */ 


help = 0: 
} /* end function */ 
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Help1{) 

‘ 
helpdefnum = helpdefnum + lL: 
option = -l;: 


/* display the window until "exit"command is 
received from the pop-up menu’* / 
while (option != 0) { 
option = DisplayPopUp(i,"menu EXIT ")-1: 
} /* end while */ 


/* if the "exit" command is received, then change 

the window depth and present the "Help" menu */ 
Change WindowDepth(f.2,0): 
PresentMenu(&help menu.help answer); 


} /* end function */ 


Help2() 
{ 
helpmannum = helpmannum ¢+ 1; 
option = -1; 
/* display the window until "exit"command is 
received from the pop-up menu * / 
while (option !'= 0) { 
option = DisplayPopUp(1."menu EXIT ")-1; 


} 


/* if the "exit" command is received, then change the window depth and 
present the "Help" menu ys 

Change Window Depth(f.2,0): 

PresentMenu(&help menu.help answer); 


} /* end function */ 


copy (sl,s2) 
char s1[],s2{]; 


a7 


Hauer 


1 = 0: 
while ((s2{i] = sl{i]) ‘=~ ”) 
sees 


} /* end function */ 


Initialize() 
void Refresh(),RefreshBoxes(): 


/* get the current state of the window * / 
Get W indowState(f,&istate); 


/* block asynchronous refresh and adjust for the window */ 
BlockRefreshAdjust(1): 


/* specify and identifier and a refresh routine for the window */ 
SetRefresh(f,0,Refresh); 


/* set the line discipline of the window to graphics line discipline * / 
SetLineDisc(f.TWSDISC): 


/* allocate a buffer size of 1024 for the window */ 
Set Buf(f.1024): 


/* inform the application when the mouse button is released */ 


SetMouseMode(f,VT MOUSE DOWN): 


/* set the thickness of the lines and objects borders 
to BOX _LINE( =2 ) 
SetThickness(f.BOX LINE): 


/* adjust the width and height of the schema design area 
according to the with and height of the window a 
DRAW BOX W = istate.width- DRAW BOX X - (SPACE*2): 
DRAW BOX H = istate.height DRAW BOX Y - (SPACE*2); 
Background(); 7 7 
RefreshBoxes(DRAW BOX X-BOX LINE.DRAW BOX Y-BOX LINE, 
RAW BOX W+(2*BOX LINE).DRAW BOX H+(2*BOX LINE)): 
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} /* end function * / 


Background() 


{ 


short 1: 


/* set the current position pointer to the upperleft corner of the window */ 
SetPosition(f,0,0); 


/*set the current foreground color to white */ 


SetColor(f.VT White): 


/* paint the entire window to white */ 
PaintRectangleInterior(f.istate.width.istate. height): 
setPosition(fi. TYPE BOX X,TYPE BOX Y); 
PaintRectanglelnterior(f. TYPE BOX W,TYPE BOX H): 


SetPosition(f.CIRC BOX X.CIRC BOX Y): 
SetColor(f.VT White): 
PaintRectanglelnterior(f,BOX WIDTH.BOX HEIGHT): 


/*set the current foreground color to black */ 


SetColor(f, VT Black); 


/* set current position pointer to the upperleft corner of the type boxes */ 
Sem Ositioni tyre BOX X TYPE BOX Y); 


/* draw the border of type boxes */ 
PaintRectangleBorder(f, TYPE BOX W.TYPE BOX H); 


/* draw the vertical lines to separate different types */ 

for (i=(TYPE BOX X + 2*BOX WIDTH); 
i-(1 YP Pes Ore 7 YREEeEOX Wijo1+=2* BOX WIDTH) { 
SetPosition(fi.TYPE BOX Y); 
PaintLine(f,0.BOX HEIGHT): 

\ /* end for */ - 


/* center the text relative to position pointer */ 
SetJustification(f, VT CENTER); 


/* set current position pointer in the middle of the object type box */ 
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Set Position(f.{ 1 1 PEVBOX X BO as 
(TYPE BOK 4 (TYPE BO 

/* draw. the text "OBJECT" in the first box */ 

PaintString(f.VT STREND,"OBJECT"): 


/* set current position pointer into the genobj type box */ 
SetPosition(f,(TYPE BOX X+(2*BOX WIDTH+6)).(TYPE BOX Y+5)); 


/* draw the second rectangle in the genobj tvpe box */ 
PaintRectangleBorder(f.(2*BOX WIDTH-12),(BOX HEIGHT-10)); 


/* set current position pointer into the-center of the genobj type box */ 
SetPosition(f.(TYPE BOX X+(3*BOX WIDTH)). 
(TYPE BOK Y+( TVBERSOrH 2) 


/* draw the text "GENOBJ" in the second box */ 
PaintString(f.VT STREND,"GENOBJ"); 


/* set current position pointer to the upperleft corner of the circle box */ 
SetPosition(f, CIRC BOX X.CIRC BOX Y); 


a 


le draw the rectangle of circle box a 
PaintRectangleBorder(f,CIRC BOX W,CIRC BOX H); 


/* set current position pointer in the third line type box */ 
SetPosition(f,(TYPE BOX X+210),(TYPE BOX Y+(TYPE BOX H/2))): 


/* draw a straight line in this box */ 
PaintLine(f.80.0): 


/* center the text relative to position pointer */ 
SetJustification(f.VT CENTER); 


/* set current position pointer in the center of the dashedline type box */ 
SetPosition(f,(TYPE BOX X+(7*BOX WIDTH)). 
(TYPE BOX Y+(TYPE BOX H/2-4))): 


/* draw the string in the box */ 
PaintString(f.VT STREND," aa i 


/* set current position pointer in the center of the circle box */ 
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Pereosinon(i.|ClkG BOX X-BOX WIDTH/2). 
(CiR¢€ LEOX VRBO HEIGHT /2 )) 

/* draw a circle in the circle box * / 

Paint Circle Border(f,4): 


/* if one of the type boxes is touched then invert the box */ 
if (touchbool == TRUE) 
InvertRegion(f,(TYPE BOX X+blackobj*(2*BOX WIDTH)). 
Ibe glei® BOX 2 BO IDTH) TYPE BOX 4): 


/* set current position pointer to the upperleft corner of mode boxes */ 


SetPosition(f. MODE BOX X.MODE BOX Y); 


/* draw the border of the mode boxes */ 
PaintRectangleBorder(f MODE BOX W.MODE BOX H);: 


/* draw the vertical lines to separate the modes */ 
for (i=(MODE BOX X+(2*BOX WIDTH)); 
i<(MODE _ BOX _X+MODE BOX W);i+=(2*BOX WIDTH)) { 
SetPosition(f.i.MODE BOX Sey 
PaintLine(f.0,BOX _HEIGHT): 
fe end for */ 
/* center the text relative to position pointer */ 
SetJustification(f, VT CENTER): 
/* set current position pointer in the center of the "Draw" mode box */ 
SetPosition(f (MODE BOX X+BOX WIDTH). 
(MODE BOX Y+(MODE BOX H/2))): 


/* draw the the string "Move" inside this box */ 
PaintString(f.VT STREND,"Draw"): 


/* set current position pointer in the middle of the "Move" mode box */ 
SetPosition(f (MODE BOX X+(3*BOX WIDTH)). 
(MODE | BOX Se +(MODE BOX H/2))): 


/* draw the the string "Move" inside this box */ 
PaintString(f. VT STREND,"Move"): 


/* set current position pointer in the middle of the "Delete" mode box */ 
SetPosition(f, (MODE BOX X+(5*BOX WIDTH)), 

(MODE BOX Y+(MODE BOX H/2))); 
/* draw the the string "Delete" inside this box */ 
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PaintSiring(f.\ Psa RE Rpe Dele. 


/* invert the first box "Draw" mode to indicate that it is default mode */ 
InvertRegion(f.(MODE BOX X+current_ mode*(2*BOX WIDTH)), 
MODE BOX Y,(2*BOX WIDTH).MODE BOX H): 


} /* end function */ 


void RefreshBoxes(x,y.w.h) 
short x,y,w.h: 


/* Each window has an associated rectangular area known as its clipping 
bounds.Any object or part of an object drawn outside this area is not 
displayed. 7 


short cx.cy.cw.ch,1,a; 


/* return the X and Y coordinates of the upper left corner.width and height 
of the window that are the current clipping bounds "i 
GetPermanentClipping(f,&ccx,&cy d&cw,&ch); 


/* specify the new rectangular area known as schema design area “7 
SetPermanentClipping(f. DRAW BOX X-BOX LINE.DRAW BOX Y- 
aie BOX LINE,.DRAW BOX _W+(2*BOX _LINE), 
DRAW _BOX _H+(2*BOX_ SEINE); 


/* restrict the current clipping bounds to the schema design area i 
Restrict Permanent Clipping (f,x.y.w.h): 


/* set the current color to white */ 


SetColor(f.VT White); 


/* set current position pointer to the upper left corner of schema drawing 
area fl 
SetPosition(f,x,y): 


/* paint the schema design area to white */ 
PaintRectangleInterior(f.w.h):; 


/* draw all the rectangles in the array of records "dlist";if the rectangle 
represents a generalized object then draw double rectangle “) 


for (i=0:i<=npoints;i++) { 
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if (dlist|i].genbool == FALSE) 
DrawRectangle(&dlist|i}): 
else if (dlist|i].genbool == TRUE) 
DrawRectangle2(&dlist/i]): 
boolcire = FALSE; 
fey «6end for “/ 
/* set the current color to black */ 
SetColor(f.VT_ Black): 


/* set current position pointer to the upper left corner of the schema 
design area */ 
SetPosition(f. DRAW BOX X,.DRAW BOX Y);: 


/* draw the rectangle border of the schema design area * / 
PaintRectangleBorder(f DRAW BOX W.DRAW BOX 8H): 


/* set current clipping bounds back to the entire window */ 
Set PermanentClipping(f.cx.cy.cw.ch): 
} /* end function */ 


void Refresh(id.x,y,w.h) 
mt id; 
short x;y.w.h:; 


{ 


short cx.cy.cw.ch; 


/* get X.Y coords. and width and height of the window for clipp bounds */ 
Get PermanentClipping(f.d&ecx.&cy.dccw,&ch); 


/* set current clipping bounds the schema design area */ 
Set PermanentClipping(f.x,y.w.h): 


/* draw the background */ 
Background(): 


/* draw the schema design area and the rectangles in it */ 
RefreshBoxes(x,y,w,h): 


/* set current clipping bounds back to the entire window */ 
SetPermanentClipping(f.cx,cy.cw.ch): 


} /* end function */ 
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Finish ( 

\ 
/* set current clipping bounds to entire window */ 
SetPermanentClipping(f.0.0.10000.10000): 


/* set current position pointer to the upper left corner of the window ~/ 
Set Position (f,0,0): 


/* set current color to white */ 
SetColor(f.VT White); 


/* paint the entire window to white */ 
PaintRectangleInterior(f.10000.10000): 


/* set current state of the window */ 
Set WindowState(f.&istate): 


/* write out any data buffered for the window */ 
Flush(f): 
\ /* end function */ 


TouchBoxes() 
{ =e 


short x,y,w.h: 


/* continue until "exit" command is received from pop-up menu */ 
for (:;) { 

/* get a single input sequence * / 

switch(getvtseq(f.&input)) { 


/* if input is received via mouse * / 
case VI "MOUSE : 
repeat = 0; 
/* which mouse button is used? * / 
switch(input.u.mouse.buttons & 


VT MOUSE LEFT|VT MOUSE MIDDLE 





VT MOUSE RIGHT)) { 
/* if the right most button is used then repeat the last action */ 


case VT MOUSE RIGHT: 


repeat = |; 
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/* if the left most button is used */ 
case VT MOUSE LEFT: 


/* if the mouse is inside the schema design area */ 


if (UseableCoordinates()) { 


/* set clipping bounds to schema design area * / 

SetPermanentClipping(f DRAW BOX X,.DRAW BOX Y. 
DRAW BOX W.DRAW BOX H): _ 

/* check current mode */ 7 a q 

switch (current mode) { 


/* if the current mode is draw mode...*/ 
case DRAW eVLODE: 


/* check the current type */ 
switch (current type) { 


/* if object box is selected.then draw a rectangle */ 
case OBJECT TYPE: 


DrawBox(): 
break: 


/*if "GEBOBJ" box is selected,then draw double rect.*/ 
GasenaliN Opals hy PIs: 


DrawBox(): 
break: 


/* if straight line box is selected.then draw straight 
lines between rectangles mf 
exsesliINE DY?PE: 
DrawLines(): 
break: 


/* if dashed line box is selected.then draw dashed 
lines between rectangles oy) 
case DOTLINE TY Pie 
Draw Dashed Lines(); 
break: 


} 
break; 


/* if the current mode is "Move" mode.then move a 
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box pointed by the mouse a 
case MOVE MODE: 
MoveBox(): 
break: 


/* if the current mode is "Delete" mode.then delete a 
box pointed by the mouse. 
case DELETE MODE: 
DeleteBox(); 
break; 
default: 
break: 
\ /* end switch */ 
/* set clipping bounds to the entire window */ 
Set PermanentClipping(f.0.0,10000,10000): 


} 
break: 


/* if the middle button is used... */ 
case VT MOUSE MIDDLE: 


/* set the current position pointer to the place that 
mouse currently stays ei 
Set Position (f.input.u.mouse.x.input.u.mouse.y); 


/* check the answer from the pop-up menu */ 
switch(DisplayPopUp(f,"do clear Exit ")) { 


/* if the answer is "clear"... */ 
Casemt. 
npoints = -1; /* no more records of rectangles */ 


/* set current position pointer to the upper left corner 
of the schema design area i 


SetPosition(f, DRAW BOX X.DRAW BOX Y); 


/* set current color to white */ 


SetColor(f.VT White): 


/* paint schema design area to white */ 
PaintRectangleInterior(f, DRAW BOX W.DRAW BOX 8H); 
break: 
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case 2: 


retum: 
break: 
} /* end switch(DisplayPopUp) * / 
break: 
} 
break: 
/* if keyboard is used... */ 
default: 


/* draw a status bar near the bottom of the screen */ 
DisplayStatus(f,"use the mouse"): 
break: ; 

} /* end switch(getinp) */ 


} /* end for */ 


} /* end function */ 


/* this routine takes care of drawing a rectangle.which represents an aggregate 
object.with the name of the object in it . if the object has a disjunctive 
relation it draws the rectangle with a circle.X.Y coordinates and width. 
height of the rectangle.the name of the object and information wheter it 
has a disjunctive relation is received with the element of the structure 
"rectangle". */ 

DrawRectangle(r} 

struct rectangle ‘*r: 

{ 

/* set the current position pointer to the upper left corner of rect. */ 
Set Position(f.r->x,r->y): 


/* set the current color to white */ 


SetColor(f,VT White): 


/* paint inside the rectangle to white */ 
PaintRectangleInterior(f.r->w.r->h): 


/* set the current color to black */ 


SetColor(f,VT Black): 


/* set the current position pointer to the upper left corner of rect. */ 
SetPosition(f.r->x,r->y): 
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/* draw the border of the rectangle */ 
Paint RectangleBorder(f.r- >w.r- >h): 
r- >genbool = FALSE: 


/* set current position pointer on the middle of the rectangle * / 
Set Position (f,(r->x+r->w/2).(r->y+r->h/2)): 


/* center the string relative to the current position pointer */ 


SetJustification(f.VT CENTER); 


/* draw the name of the object in the rectangle */ 
PaintString(f.VT STREND.r->name): 


/* if object has a disjunctive relation .then draw a small circle 
under the upper border of the rectangle ei 

if (r->circboo] == TRUE) { 
Set Position (f,(r->x+r->w/2),r->y+3): 
PaintCircleBorder(f,4); 

}  xendeies, 

boolcire = FALSE; 

} /* end fuction * / 


/* this routine takes care of drawing a rectangle,which represents a generalized 
object,with the name of the object in it . if the object has a disjunctive 
relation it draws the rectangle with a circle.X.Y coordinates and width. 
height of the rectangle.the name of the object and information wheter it 
has a disjunctive relation is received with the element of the structure 
"rectangle". */ 

DrawRectangle2(r) 


struct rectangle ‘r: 


{ 


/* set the current position pointer to the upper left corner of rect. */ 
Set Position (f,r->x,r->y); 


/* set the current color to white * / 
SetColor(f.VT White); 


/* paint inside of the rectangle to white */ 
Paint RectangleInterior(f,r->w.r->h); 
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/* set the current color to white * / 


setColor(f.VT Black): 


/* set the current position pointer to the upper left corner of rect. * / 
Set Position(f.r->x.r->y): 


/* drawm the border of the rectangle */ 
PaintRectangleBorder(f,r->w.r->h): 


/* set the current position pointer to the upper left corner of the 
second rectangle im 
Set Position(f.r->x+4,r->¥+4);: 


/* set the current color to white */ 
SetColor(f.VT White): 


/* paint inside the second rectangle to white */ 
PaintRectangleInterior(f,r- >w-8,r- >h-8): 


/* set the current color to black */ 


SetColor(f.VT Black): 


/* set the current position pointer to the upper left corner of the 
second rectangle ge 
Set Position (f.r->x+4,r->y+44): 


/* draw the border of the second rectangle * / 
Paint RectangleBorder(f.r->w-8,r- >h-8): 


r ->genbool = TRUE: 


/* set the current position pointer in to the middle of the rectangle */ 
Set Position(f,((r->x+4)+(r->w-8) /2),((r->y+4)+(r->h-8) /2)): 


/* center the string relative to the current position pointer * / 


SetJustification(f. VT CENTER); 


/* draw the name of the object inside the rectangle * / 

PaintString(f, VT STREND.r->name): 

/* if object has a disjunctive relation .then draw a small circle 
under the upper border of the rectangle a 

if (r->circbool == TRUE) { 
SetPosition(f,(r->x+r->w/2),.r->y+3); 
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Paint CircleBorder(f.4): 


\ /* end if */ 
boolcirc = FALSE: 


\ /* end function */ 


int UseableCoordinates() 


{ 


int option; 
Struct wstate Save: 


ivevas: 


/* if the mouse is currently in the schema design area... */ 
if ({(input.u.mouse.x > DRAW BOX X) &c&& 


(input.u.mouse.x < (DRAW BOX X+DRAW BOX W)) & & 
(input.u.mouse.y > DRAW BOX Y) Gade 
(input.u.mouse.y < (DRAW BOX Y+DRAW BOX 4H))) { 


return(1): 
} /* end if */ 
/* if the mouse currently inside one of the type boxes... * / 
else if ((input.u.mouse.x > TYPE BOX X) && 


(input.u.mouse.x < (TYPE BOX X+TYPE BOX W)) && 
(input.u.mouse.y > TYPE BOX Y) && 
(input.u.-mouse.y < (TYPE BOX Y+TYPE BOX H))) { 
if (touchbool == TRUE) 7 ' . 
InvertRegion(f,(TYPE BOX _X + blackobj * (2* BOX WIDTH)). 
TYPE BOX Y(2°BCX WIDTH) Iyer Onan: 


—— 


touchbool = TRUE; 


/* find out in which type box the mouse currently put */ 
current type = ((input.u.mouse.x-TYPE BOX X)/(2*BOX WIDTH)+4); 


/* invert the box where currently the mouse is put */ 
if (current type == 4) 
blackobj = 0: 
else if (current type == 5) 
blackobj = 1: 
else if (current type == 6) 
blackob) = 2: 
else if (current type == 7) 
blackobj = 3: 
InvertRegion{f.(TYPE BOX X = blackobj” (27 BOM Wie ii: 
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TYPE BOX Y.(2*BOX WIDTH).TYPE BOX 8): 


/* if the "OBJECT" box is selected... * / 
if (((input.u.mouse.x-TYPE BOX X)/(2*BOX WIDTH)) == 0) { 


/* present object entry menu and get the name of the object and 
the relation names of the object ay 
PresentMenu(&object entry.answer); 


/* then present the attribute menu and get the attribute names */ 
ee eeetenbute menu.attr answer): 
} /* end if */ 
else if (((input.u.mouse.x-TYPE BOX X)/(2*BOX WIDTH)) == 1) { 
PresentMenu(&genobj menu. answer): 
} /* end else if */ 
} /* end else if */ 
/* if the circle box is touched... */ 


else if ((input.u.mouse.x > CIRC BOX X) & & 
(input.u.mouse.x < (CIRC _ BOX _X+CIRC BOX W)) && 
(input.u.mouse.y > CIRC BOX “Y) & & 


(input.u.mouse.y < (CIRC BOX Y+CIRC BOX H))) { 
booicirc = TRUE: 
} /* end else if */ 


/* if one of the mode boxes is touched invert the region and change the 


mode im 

else if ((input.u.mouse.x > MODE BOX X) && 
(input.u.mouse.x < (MODE BOX X+MODE BOX W)) && 
(input.u.mouse.v > MODE BOX Y)} && 


(input.u.mouse.y < (MODE BOX Y+MODE BOX 8))) { 
InvertRegion(f,(MODE BOX X + current mode * (2* BOX WIDTH)). 
MODE BOX Y,(2*BOX WIDTH).MODE BOX H): 
current mode = (input.u.mouse.x-MODE BOX eS) 2 BOS WIDTH): 
InvertRegion(f,(MODE BOX X + current mode pu SB Oe Nv 1D Ti) 
MODE BOX Y,(2*BOX WIDTH).MODE BOX 4): 
\ /* endelseif*/ 
return(0}): 
fe end function 7/ 


int Identify Box() 


{ 


short index: 
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/° find out which record of the array is selected either to move or delete 
and return the record number of the rectangle. * / 

for (index = npoints:index > =0:index--) { 5 
if ((input.u.mouse.x >= dlist{index|.x-BOX LINE) && 


(input.u.mouse.x <= (dlist{/index].x+dlist|index].w+2*BOX LINE)) && 
(input.u.mouse.y >= dlist|index].y-BOX LINE) we Reale 
(input.u.mouse.y <= (dlist{index].v+dlist{index].h+2*BOX LINE))) 
break: 7 
} /* end for */ 
return(index): 


} /* end function */ 


MoveBox(} 


{ 


short box.x.y,w,h,i: 


/*if the mouse inside a rectangle.then get the ID number of the rectangle */ 
if ((box = IdentifyBox()) >= 0) { 
x = dlist|/box].x - BOX LINE; 
y = dlist(box].y - BOX LINE: 
w = dlist(box].w + (BOX LINE*2): : 
h = dlist[box].h + (BOX LINE*2); 
/* track the movement of the mouse with the box until a mouse button is 
released. af 
TrackFixedBox(f. 
& dlist(box].x.& dlist{box].y.dlist|box].w.dlist/box].h. 
DRAW BOX X.DRAW BOX Y.DRAW BOX W. 
DRAW BOX H.BOX LINE): 7 
dlist{npoints+1] = dlist{box]; 


for (i=box:i<=npoints;i++) { 
dlist{i] = dlist/i+1]; 
\ /* end for */ 


RefreshBoxes(x,y,w.h): 


if (dlist{i].genbool == FALSE) 
DrawRectangle( &dlist|i]); 


else if (dlist{i].genbool == TRUE) 
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Draw Rectangle2(&dlist/i}): 
a end it / 
else { 
/* if the mouse is not in a rectangle.then draw a status bar near the 
bottom of the screen * / 


DisplayStatus(f."not a box"): 
} /* end else */ 


} /* end function */ 


DeleteBox() 
{ 


short box,x.y.w.h.i: 


/* get the ID number of the box */ 
if ((box = IdentifyBox()) >= 0) { 
x = dlist{box].x - BOX LINE: 
y = dlist[box].y - BOX LINE: 
w = dlist[box].w + (BOX LINE*2): 
h = dlist{box].h + (BOX LINE*2): 


/* delete the box */ 
for (i=box;i<npoints;i++) { 
dlist[i] = dlist{i+1]; 


/* decrease the number of the boxes */ 
npoints--: 


/* draw the new array of boxes */ 
Refresh Boxes(x,y.w.h): 

i send ih 

else { 
/* if the mouse is not in a rectangle.then draw a status bar near the 

bottom of the screen */ 

DisplayStatus(f,"not a box"); 

} /* end else */ 

} /* end function */ 


DrawBox() 
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J 
t 


/* increase the number of the rectangles in the array */ 
npoints+—: 


/’ put the x position of the mouse to the x coordinate of the rectangle */ 
dlist/npoints].x = input.u.mouse.x: 


/* put the y position of the mouse to the y coordinate of the rectangle */ 
dlist{npoints].y = input.u.mouse.y: 

dlist{npoints].w = 0: 

dlist/npoints].h = 0: 


/* put the object name.relation names and subobject names received from the 
user into the last added element of the rectangle */ 

copy(objname.dlist{npoints].name): 

copy(ans1.dlist/npoints].rel1): 

copy(ans2.dlist{npoints].rel2): 

copy(ans3.dlist/npoints].rel3): 

copy(ans4.dlist/npoints|.subobjl): 

copy(ans5.dlist{npoints].subobj2): 

copy(ans6.dlist(npoints].subobj3): 


/* clear the arrays which is used to get information from user */ 
copy(dummy.objname): 

copy(dummy.ans1): 

copy(dummy.ans2): 

copy(dummy.ans3); 
copy(dummy.ans4): 
copy(dummy.ans53): 
copy(dummy.ans6);: 


/* if the right most button is clicked.the width and height of the 
last element becomes the same as the element one before */ 

if (repeat != 0) { 

if (npoints > 0) { 
dlist{npoints|].w = dlist|/npoints-1].w: 
dlist/npoints].h = dlist{npoints-1].h:; 
} /* end if */ 

} /* end if */ 

/* track the movement of the mouse with the lower right corner of the 
rectangle until a mouse button is released and return the width and 
height of the rectangle */ 

else { 
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TrackRubberBox(1.dlist(npointsi.x.dlistinpoints).v. 
& dlist/npoints|.w.d&dlistnpoints .h. 
DRA SEOre DRAW BBO} Y.DRAW BOX W. 
DRAW BOX H.BOX LINE): oe 
} /* end else */ 7 7 7 
/* if the movement of the mouse is to the left relative to the x position 
of the rectangle... */ 
if (dlist|npoints].w < 0) { 
dlist({npoints].w = -dlist|/npoints].w: 
dlist{npoints].x -= dlist|npoints].w: 
py end if */ 
/* if the movement of the-mouse is up relative to the y position 
of the rectangle... */ 
if (dlist/[npoints|.h < 0) { 
dlist{npoints|.h = -dlist/npoints].h: 
dlist{npoints].y -= dlist{npoints].h: 
ie endif */ 
switch (current type) { 
ease OBIECT TYPE: 
if (boolcire == TRUE) 
dlist{npoints|.circboo! = TRUE: 
else 
dlist/npoints].circbool = FALSE: 
DrawRectangle(&dlist(npoints}): 
break: ; 
ease GigNOB) Ty PE: 
if (boolcire == TRUE) 
dlist{npoints].circbool = TRUE: 
else 
dlist(npoints].circbool = FALSE; 
DrawRectangle2(&dlist/npoints}); 
break: 
} /* end switch */ 
} /* end function */ 


Draw Lines() 
{ 


short 1.a; 
int width.height: 


/* check the relations between objects if there is a relation then 
draw a straight line between them */ 
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for (i=O:i- =npoints:it—) { 
for (a=O:a< =npoints:a++) { 
setColor(f.VT Black): 
if ((stremp(dlist|i].rell.dlist{a]|.name) == 0) || 
(stremp(dlist|i].rel2.dlist{a]|.name) == 0) || 
(stremp(dlist{i].rel3.dlist{a].name) == 0 
Draw(&dlist[{i],&dlist{al): 
\ /* end if */ 
} /* end for */ 
} /* end for */ 
\ /* end function */ 


Draw Dashed Lines() 
{ 
short i.a: 
int width.height: 


/* check if there is a relation between subobjects or between an object 
and subobject.if there is a relation.then draw a straight line between 
them.( it should actually be dashed line but since there is no library 
function to draw dashed line. a straight line is used instead */ 

for (i=0:i<=npoints:i++) { 
for-(a=l:a<=npoints:a++) { 

SetColor(f.VT Black): 
if (dlist/a].genbool == TRUE) { 
if ((stremp(dlist{i].rel1.dlist{a].subobj1) 0) {| 
(stremp(dlist{i].rel2.dlist/a].subobj1) == 0) || 
(stremp(dlist{i].rel3.dlist{a].subobjl1) ==0)) { 
Draw(d&dlist{i],&dlist/a]): 
i emda / 
if ((stremp(dlist{i].rell dlist{a].subobj2) == 0 
(stremp(dlist{i].rel2.dlist|a].subobj2) == 0) 
(stremp(dlist/i].rel3.dlist{a].subobj2) == 0)) 
Draw(&dlist|i] &dlist{a]): 
hay endanita 


if ((stremp(dlist|i].rell.dlist{a].subobj3) == 0) || 
(stremp(dlist{i].rel2.dlist{a].subobj3) == 0) || 
(stremp(dlist{i].rel3.dlist{a].subobj3) ==0)) = { 


Draw(&dlist|i] ,&dlist{a]): 
} /* end if */ 
\ /* end if */ 
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if {dlist{i).genbool == TRUE) { 
if ((stremp(dlist{ij.subobjl.dlist aj.name) == 0) | 
(stremp(dlist|i].subobj2.dlist|aj.name) == 0) |, 
(stremp(dlist[i].subobj3.dlistia]|name) ==0)) = { 
Draw(&dlist|i].&dlist/a]): 
} /* end if */ 
payemenid if ¢/ 
Weesenaitor * / 
fa) vend for “/ 


I 


} /* end function */ 


Drawi(r.s) 
struct rectangle *r,*s: 


int width,height; 


/* take two rectangles that there is a relation between them and draw 
a line depending on the positoins of the rectangles 7 


if ((r->y+r->h) < s->y) { 
Set Position(f,(r->x+r->w/2),(r->y+r->h)); 
width = (s->x+s->w/2)-(r->x+r->w/2): . 
height= s->y-(r->y+r->h): 
PaintLine(f.width.height): 

i end if */ 

else if ((s->y+s->h)<r->y) { 
Set Position (f.(s->x+s->w/2),(s->y+s->h)): 
width = (r->x+r->w/2)-(s->x+s->w/2): 
height= r->y-(s->y+s->h); 
PaintLine(f.width.height): 

} /* end else if */ 

else if ((r->y < s->y) && (r->x < s->x) && ((r->y+r->h)>s->y)) { 
Set Position (f,(r->x+r->w),(r->y+r->h/2)): 
width = s->x-(r->x+r->w); 
height= (s->y+s->h/2)-(r->y+r->h/2): 
PaintLine(f,width, height); 

} /* end else if */ 

else if ((r->y > s->y) && (r->x<s->x) && (r->y < (s->y+s->h))) { 
SetPosition(f,(r->x+r->w),(r->y+r->h/2)): 
width = s->x-(r->x+r->w); 
height= (s->y+s->h/2)-(r->y+r->h/2): 
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PaintLine(f.width.height): 

} ,° end else if °/ 

else if ((r->y < s->y) && (r->x>s->x) && ((r->y4r->h)>s->y)) { 
Set Position (f.(s->x+s->w).(s->y+s->h/2)): 
width = r->x-(s->x+s->w): 
height= (r->y+r->h/2)-(s->y+s->h/2): 
Paint Line(f.width.height): 

\ /* end else if */ 

else if ((r->y > s->y) && (r->x>s->x) && (r->y < (s->y+s->h))) { 
Set Position(f,(s->x-+s->w),(s->y+s->h/2)): 
width = r->x-(s->x+s->w): 
height= (r->y+r->h/2}-(s->y+s->h/2): 
Paint Line(f.width. height): 

} /* end else if ” 

} /* end function */ 


stremp(s.t} 
char s|],t|]; 


Intel 


i=0; 
while {s|i] == t[i]) 
if (si++] ==") 
return (0); 
return (s|i]-t[i]): 
} /* end function */ 
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